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Handling Material by Labour 
Saving Appliances During and After 

the War. 

By George Frederick Zimmer. A.M.l.C.E. 


I F it IS a tniisin that the national 
economy of the civilised world 
cannot do without the machine 
for handling and storing its raw 
materials and its fuel, it is doubly 
so at this time when the toll 
claimed from the ranks of labour by 
the Imropean War has more than 
decimated the staff of many an in- 
dustrial establishment. 

We should bear in mind that the- 
oretically a manufacturer is justified 
in laying out capital to the e.xtent cf 
/,'i,oc )0 for every man he can replace 
by machinery, and in practice if 
driving power, supervision, lubrica- 
tion, interest on capital outlay, de- 
preciation and repairs are taken 
into account, an outlay of approxi- 
mately per man replaced, ap- 

pears to be well within the province 
of a commercial transaction, but 
there is not even any necessity for 
such a capital outlay to save the 
labour of one man, as such an 
amount spent is more likely to 
release five or six labourers The 
present time no doubt bids oppor- 
tumt\* of investing capital with 
ample security and at a tempting 
rate of interests but, notwithstand- 
iMg this, it is ^solutely sure that 
capital invested judiciously now by 
the manufacturer in labour-sa\ ing 
mcK'hmerv will not only x’leld inli- 
nitely higher returns than such in- 
vestments, but it will be an act of 
patriotism as well. 

The principal object of this se?ies 
of articles is to induce thos<' in 
responsible positions in ammunition 
and other, industrial establishments 


to replace every available man by 
the machine, and in order to enable 
them to do so examples of systems 
and executed plants will be brought 
before their notue, and it is hoped 
that some of these examples may 
be found applicable, though perhajis 
with modifications suiting local con- 
ditions, to existing industrial estab- 
lishments for the benefit of the 
owner and the country at large. 

The installation of the plants and 
machines described and illustrated 
in this series of articles have 
effe( ted or will effect a saving of 
v'orkers, ranging with the nature 
and importance of the plant, from a 
single unit up to as many as 2^0 
iTien, or more than sufficient for a 
company of infantry. The actual 
saving of hands in any industrial 
plant cannot always be pointed ^sift 
with certainty, and it is therefore 
often omitted for that reason and to 
avoid tautology, but the saving of 
labour units in all plants is often too 
obvious to need comment. 

All th(^.iistai?htions described and 
ac^vocated are on approved meth(jds 
well beyond the experimental stage, 
so that they can be recommended 
with confidence. IfUrge schemes for 
new installations have been avoided, 
as they are probably out of place 
during this crisis, and the subject 
has been confined more or less to 
smalTer auxiliary plant which may 
be erected either in existing factory 
buildings or in close proximity to 
them. 

• Most of the mechanical devices 
for handling material *111 bulk a^e 



well known, no doubt so well that 
they need not be described or even 
er\umerated here, but there are new 
applications of familiar systems of 
handling which deserve more than 
a passing remark. 

PNEUMATIC HANDLING. 

Ihe first of these appliances 
IS the pneumatic system invented 
b)’ F. F. Duckhain in the clos- 
uig v’ears cf last century, one 
of the most epoch-making inno- 
vations on all knowm systems of 
handling, a system in the applica- 
tion of which the material to be 
handled does not come into contact 
with the multiplicity of working 
parts, as is the case with most ele- 
vators and conveyers The pneu- 
matic elevator sucks the material 
through a nozzde and a series of 
pipes, say from the ship’s hold, to 
an elevated canister, from w'hich it 
leaves via an air trap to its destina- 
tion, an exhauster furnishing a par- 
tial vacuum by pipes connected with 
the said canister; an ideal concep- 
tion of essentially British origin 
which has in the last two decades 
received the sincerest form of flat- 
tery from competitive nations. 

It is true that those who have 
exploited Mr. Duckham’s invention 
haye left the marks of their 
ingenuity upon the details of the 
system. When we consider that 
owung to the initial advantage of the 
system, already mentioned, it can be 
used for hard and cutting sub- 
stances with better fesuTts. than any 
other conveyer, or elevator, it • is 
amazing that for practically twenty 
years it w^as only applied to wheat 
and other gran?, which is easily 
handled by any other conveying 
appliances, so that one of the prin- 
cipal benefits was Iv'ing fallow. But 
now we can record the applic^ation 
of the Diickham system to -ashes 
from boiler-houses, to coal from the 
railway siding or the stockheap to 
the boiler-house, to the conveying of 
fine cement from the silos to thl' 
packing rocAn, be-^ides the handling 


of chemicals, potatoes, gre6n malt, 
etc. , 

The Darley system, the name by 
whiich the pneumatic handling of 
ashes is known, tis an achieved suc- 
cess. It is exploited by the Guaran- 
tee ('onstruction Co., of New York, 
and they have numerous installa- 
tions at wmrk, including plants for 
the United States Navy Department. 
As far as the writer is aware, there 
are no such plants at work in this 
country for handling aslies, coal, 
and other hard and (putting sub- 
stances which reduce the lile of orcli- , 
luiiv conveyers materially without 
being detrimental to pneumatic 
plant except to a negligible extent. 

A diagram of an installation, on 
the Darley system, for handling coal 
and ashes in connct tion with a 
boiler-house of the Baldwin Loco- 
motive Works, is shown m Fig. i 
The railway truck is shown over 
the receiving hopper from which 
the coal passes over a recipro- 
cating feeder, through a pair 
of crushing rollers to reduce it 
to a more uniform size, the 
suction pipe receiving it just below 
these rollers and delivering it into 
the 75-ton silos above the boilers, 
from where it is distributed by a 
travelling weigh-hopper to the dif- 
ferent boilers I'he ashes trom each 
boiler accumulate in small hoppered 
receptacles, and are let out at inter- 
vals into the suction pipe of the 
ashes con\'(‘yei, and linally into the 
30-ton ash hopper, from which they 
are let out into some of the empty 
coal trucks. All this is clear from 
a glance at the illustration, as well 
as the exhauster and dust collectr)r 
in the small lean-to. 

In this respec t it/ -should be men- 
tioned that in a [ineiirnatic elevator 
the material floats, so to speak, in 
a current of air, from which it is 
separated at the delivery point (the 
canister). To ensure the material 
floating more or less in and with the 
air’ it is essential that the air should 
travel faster m the conveying pipes 
as the specific gravity of the mate- 
rial to be handled increa^ses, other- 



wise it will have a tendency to 
separate from the air during tra\el, 
tlius blocking the pipes* especiall)' 
the portions which^are horizontal or 
nearly so. As ver\' (onsiderable 
power IS necessary to propel air at a 
greater s[)eed, it is olnious that ni- 
si allations for heav} materials such 
as coal and ashes irefiuire more 
powerful pumps. 


automatic, but the use of such a 
(cuNc'U'i with its delu'ate parts for 
such rough work as liandling ashes 
IS a \ery wasteful policy. As a 
matter of fact, the diflicult}’ of ash- 
handhng has in this countr\' often 
been solved along the line of least 
resistance, i.e , the work has been 
left to the man with the shovel and 
wheelbarrow, whio might be nuae 
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Besides the jmeumatic plant being 
superior to ordinary (oiixi'ycM. tor 
the ajiove purposes, what an army 
of men could be replaced, bec^ause 
even if an establishment has suili- 
c^ient enterpri^ to install an ordi- 
nary coiixc'vci for its ashes, it gener- 
all\' takes some hand-Libour to 
shovel the material on, while 
with a jmeumatic installation it 
need onl\' be raked into an 
opening in front of each fur- 
nace. It is true that a gravity 
bucket convc'vc'i, which olten 
simultaneously feeds the coal 
bunkers over the boilers and collects 
th^ a^shes'from under them, is (jiiite 


adv anlageoLislv (unjdov’ed at all 
times, anc’ au.ic than ever nows 
.What'nas been said with regard 
to the mechanical disposal of ashes 
from boiler-houses applies ecjually 
miRh to the stokeholes of steamers, 
and it must be ad fin t ted to the ship- 
cwmers’ credit that thcv are more 
enterprising in that respect than 
their colleagues on shore. the 
ajip^ances I'scd afloat are princi- 
pal!) on the pneumatic and hy- 
draulic principle, and the most 
important of them have been de- 
.sciibcd and ilhistiatcd ni CAssimds 
of .Augu^rd and Xovemlvi'. I0t2. 

Apart trorn its ml ntditv. for 




handling hard and cutting sub- 
stances, the pneumatic unloader is 
extending its usefulness to the hand- 
ling of wheat and other grain in 
small establishments. It should be 
borne in mind that at the introduc- 
tion of the system it was only avail- 
able to big establishments owing to 
the great initial cost of such instal- 


considerably. Whereas it took 3 h.p. 
per ton of grain handled per hour it 
can now <be done with less than 
2 h.p. This, together with other 
improxements, has brought the sys- 
tem within the reach of an\ enter- 
prising miller, maltster, or corn- 
mercliant, who can now avail 
himself of ap efficient pneumatic 



lations, and the exc^sive consump- 
tion of power as compared t*ath tlyat 
necessar)' for ordinary bucket eleva- 
tors. In spite of the latter circum- 
stance, the flexibility of the system 
and the ease witl! which all c orners 
of the ship’s hold can be reached for 
removing the grain, its installation 
was found lucrative owing to the 
saving of the very expensive tmu- 
ming necessary with all other modes 
of discharge. However, the im- 
provements achieved, particularly in 
the direction of the choice of more;, 
suitable typfs of exhausters, have 
redv-ced the consumption of power 


plant to transfer his grain from the 
canal barge direct into his granary 
with a minimum of expense. Such 
plants are executed on the latest 
lines by Henry Swon, Ltd., ol 
Manchester, who exploit the patents 
of A. 11 . Mitchell, the Bulk Grain 
Lngmeer of the Port of London 
Authority. One of the latest plants 
of small capacity has recently been 
installed by Messrs. Simon for John 
Jackson & Sons, Salford (see dia- 
granj, F'lg. 2). This plant has a 
capacity of 50 tons per hour and un- 
loads barges on the Manchester wShip 
Canal. The vacuum pumpi is of the 




vertical piston i\pc and electrically 
driven. The particulai* features of 
interest are the air trapiFi^o 3') and 
the telescopic ^^rain pipe (Fig. 4). 
d'he pump gi\cs ‘a high efficiency 
wath a low vacuum or small pressure 
<lifference of some 7 
mercurv’, the speed is MS r.p m., 


ting between the fitting surfaces of 
the bo.x and its seating are avoided. 
The tumbling-bo.x G (Fig. 3), is 
divided into two chambers J and H 
whu'h are alternatel}' brought into 
register witli the gram outlet K at 
the base ol the canister. It wall be 
seen from the illustration that m the 



and the electric motor drixing it is 
of (So h.p. 

* The air-trap or tumbhng-box 
resembles the original Duckham 
trap, but instead of being loose lit- 
ting so as to tip over automatically 
as each chamber of the trap is full, 
the new type is operated mechani- 
cally. This has the advantage that 
a better fit is obtained, and ^there- 
fore a smaller loss of vacuum, and 
also that stoppages of the tumbling- 
box.owing to sticks and straws get- 


position of the trap as shown the 
chamber J is receiving the gram and 
is in communicatit)!! with the vacuum 
m the canister and the door L is 
therefore held tight by the pressure 
of the atmosphere. Ihe chamber H 
is %bscharging, the vacuum having 
been destroyed bv the port opening 
seen at the top right-hand corner 
bevond the casting ^l. The ports N 
are connected with the mam vacuum 
pipe, which produces a partial 
Ucuum* alternately In the ^com- 




partments J and II prior to 
their communicatinj:^^ with the out- 
let ‘ K, to prevent a sudden in- 
rush of the air from the com- 
partments into the canister, which 
might disturb the normal flow of the 
grain. There is a packing strip O 
prcnided betw'een the two compart- 
ments of the tumbler, held b\’ 
springs against the upper face of 
the casting The rest of the ht- 
ting surfaces including the doors L 
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are leather faced. A crank and 
connecting rod P in connection with 
the mechanikm operated by a train 
of spur wheels give the tumbler 
lo tips per minute. 

d'he telescopic pipe. Tig. 4, en- 
ables the operator to alter the 
height of the nozzle to the extent 
of 10 ft., as the level of the gram m 
the barge may change. The u})pcr 
pipe slides inside the lower one in 
such a way as to prevent any grain 
entering between the joints. The 
packing joint consists of^ c± ring of 
soft sclf-lubru'ating packing A neld 
in place by spring B and flange C. 
The packing rests upon a loose ring 
I) betw'een which and the flanged 
end of the lower pipe is a rubber 
ring T. d he lower portion of the 
pipe is raised or lowered by wire 
ropes over the two guide pulleys 
sh(.)wn. 

Ihe suction nozzle is illustratcf] in 
Fig. 5. It consists of three parts, 
two of which form the duct for the 
grain whilst the third forms an mlet 
for the admittance of surplus air. 
This third section joins the tw'o 
former jiipes in such a wa_\' as to 
leave an annular air s[)ace. The 
amount of air admitted through this 
in excess of that cmtering with the 
gram dejiends upon the nature of 
the gram, whether s])ecirKally light 
or heavy, and can be regulated b\ a 
butterfly valve. 

ihe modus (^[^maudi is as follows 
rhe vacuum created m the pump is 
connected by ib-m. sheet steel 
mam to the outlet of a cyclone dust 
collector litted with discharge valve 
to permit the dust extracted from 
the gram to be sacked off. The in- 
let to the dust eollec tcTi ’'is connecteeb 
to the gram-rec ei\ ing canister, wdnle 
the latter is m communuation with 
the receiving nozzle m the barge bv 
means of a series of rigid and 
flexible pipes (see Fig. 2). As soon 
as the pump is set to work and the 
receiving nozzle adjusted, the gram 
enters^ the canister tangentially, 

* settles at the bottom of this receiver 
and IS drawn off through thej air trap 
to an elevator which disposes of. the 




grain to its final destination. 'I'he air 
and dust exhausted o*ut of the 
canister pass to the pump \ia the 
cyclone cliist collector, which latter 
eliminates the dust* so that the air 
15 freed from the wheat dust which, 
owing to the silica particles it con- 
tains, IS injurious, not only to llie 
pump, but also to the, lungs of the 
men employed It is believed that 
the power consumed 1)}’ this plan 
does not exceed \ ] h p per ton pen 
hour 


intake pipes I. are so made as to be 
readilv connected and disconnected 
from the grain receiver h, whilst the 
receiv'er itselt is susjiended under 
the root (’, and travels on rails for 
some dist.ince 1 he intake pipes are 
suspended from a riinwav D carried 
on brackets bevond the crane 
girder With thm jmovision the in- 
take pi[)es mav bc' turned round and 
swung clear ol the' crane when out 
of use. In this ])<irticular plant the 
air-trap (] is of the revolving wheel 



Another interesting installation is 
that e/ccted by the same linn of en- 
gineers at Carr’s Idour Mills, Ltd , 
Silloth, which IS capable ol liandhng 
tons of ?,^nn per hour (see 
Ing. 6 ). [his installation is of 
special interest, as it shows the 
adaptabilit}' of a pneumatic plant to 
existing circumstance^. 1 he general 
principle is the same as in the pre- 
vious plant, but it had to be so de- 
signed that it would not clash with 
or hamper in any way the workiyg of 
an existing hydraulic crane A on ths 
railway siding R. In order to get 
ove.r |he various obstacles the mam 


t vpe, as there •w'as not suffu'ient 
he^adrooin for tlie tumbler trap pre- 
viouslv described. 1 he trap is 
operated by electric motor, the 
speed of which is reduc ed by double 
spur reduction ^a,r, and it dis- 
charges the grain on to two band 
convc'ver^ j which convev it to the 

silos. 

% 

ASH HOISTS. 

With regard to the removal of 
jLshes from boiler-houses, there 
are other mechanical jneans than 
the pneumatic methocl iust men- 



tionccl, and inoreoxer, such juicu- 
matic plants would be too expensive 
foe smaller installations. We will 
therefore investij^ate what further 
devices can be recommended, and 
to do so we must eliminate all plant 
of a complex construction, as ashes 
are so abrasive as to destroy very 
(juickly an\' mechanical parts with 
which they come in contact, besides 
possessinp^ other destructive ele- 
ments, as the aslus mav' he hot or 


been mentioned as ordinary con- 
veyers only* the push-plate loiiveyi'r 
of the U-lmk or some similar long- 
linked type, can come under con- 
sideration, but \ve will deal with 
these later. This leaves us with only 
three more types, which are the 
Grab, the Ash 1 foist, and the Mono- 
rail, although frequently the ash 
hoist IS fed by a mono-rail W'c will 
first deal with the ash hoist, or car 
and skip system, and leave the grab 



sopping wet. If hot, ihev will 
cause distortion and disintegra- 
tion in the mac tuner)' of ordinarv' 
conveyers, and in pneumatic plants 
the draught may fan the glow'- 
ing embers into flame, and if 
wet the)' will not convey in [Aaeu- 
matic plants, neither will they dis- 
charge from ordinary ronveycas 
even if such could be accepted as 
suitable for the purpose. Thi^ 
reduces the ^applicable methods to a 
very narrow limit. Of Vhat has 


and mono-rail lor subscciuent descrip- 
tion. • 

riie ash hoist was probably fir^t 
used on board steamers to raise the 
ashes and clinkers out of the stoke- 
hold. via one of the ventilating 
shafts. With stationary boiler 
plants on shore there was no need 
for a hoist in the early days, as the 
boilers were nearly always on a 
level' with the ground, and at such 
time the coal consumption and con- 
secpient ash production ' was^ not 


suili('iciill\’ large nor labour sufli- 
cienllv dear to make it* worth while 
installing an ash hoist, tin the case 
of steamers it was (lifferent, as in 
the earh days the\’ could not take 
a short cut, as now, from the ash-pit 
through the bottom of the ship, and 
to get the ashes out of the way they 
had to be hoisted. 1,he lirst hoists 
were of the most primitive fc^rm. A 
l^iicket, often on wheels, was 
pushed under one of the ventilating 


it cannot do much damage by its 
cutting nature, by its heat, or by its 
corrosive wet i oiidition. Hie osdi- 
nary bucket ele\ator, with its deli- 
cate chain constantly m contact with 
the ashes, would soon be on the 
S(Ta])-heap, cdthough it is thc'oreti- 
calK more scientilic to emplov^ a 
(( ntinuous than <in intermittent s\'s- 
tem of handling. Such an ash hoist 
IS illustrated in log. 7. Below the 
ash-pit IS <in underground compart- 



, 'shafts and^ hoisted hy tackle 
attached to some point ol the rig- 
ging, and the ship’s wincli did the 
rest. 

rhe hoist we recommend is a little 
more complex, but the one just de- 
scribed is undoubtedly its progeni- 
tor. Tiie reason why the hoist is so 
infinitely more suitable for .lifting 
ashes than bucket elevators is, that 
the material only cesmes into contact 
w.ith a large iron receptacle in which 


ment in which the ash cars are idled 
In raising the clours of the hoppered 
ash-pits at sue li intervals as to get 
a full load These cars are then 
tippecf into the skip c)f the hoist, 
wlftch comb, rt ably holds the same 
load as the car. I he skip when 
ascend ng is guideci by three rollers 
and tliree rails on each side. One 
pair ol w'heels has a prescribed 
path w’hich is purely vertical, and it 
will be *seen from the illusti;ation 



that tins pair of wheels remains in 
both terminal positions between the 
same pair of rails. 1'he other two 
pairs of wheels are forced by their 
rails to follow the same patli until 
the to[) terminus is nearly reached, 
when they run forward and come to 
a stop before the first jiair of wheels 
has reac'hed the hij^lu'st point, and 
the skip IS, in conseijuence, tippl'd 
and so dischar^^ed into an overliead 
ash-bunker from which the ashes 
are removed at coinenient intervals, 
^enerall) into empt\’ coal trucks. 

I he skips may be of all sizes to suit 
\ar\in^^ installations, and hold from 
20 to 50 (ub. It. The electricallv- 
druen winch is seen in the boiler- 
house, troiii which a steel calile is 
coniKuded by {wo sheaves to the 
skip The motor is reared to the 
wiiu li by worm and worm-wheel run- 
m oil, and a band brake (»n the 
armaturi' shah stops the motor 
promptl}’ at the top and hot trim of 
the lift, 1 e , in the two terminal 
positions riie elec'tnc switch is 
controlleii by a traxelhn^ nut on the 
drum shaft. Such hoists can be 
ef]uall\’ well driven by other motive 
{lower, for instance, if h\'drauhc 
mains are available, the skip 1 an be 
raised and lowered b\ a ree\ed 
h\drauli( cylinder, similar to any 
ofdinar}’ hoist. 

A* \ orv neat cxamjilc ot an a-h 
hoist IS that of 'rri'weut and 
Prortoi, known 1)\ the name 
of Proctor’s .Self-Ti]aping Bucket 
Hoist This labour-sa\er was origi- 
nally designed for ti^ie removal of 
ashes from steamers, buf it js 
ecjually applicable for an\’ boiler in- 
stallation on shore 1 his self-tip- 
ping bucket has fieen the outcome 
of experiments oVi a well-known 
pnncijile, to obtain the best results 
with the least complication. The 
only working parts are guide .rollers 
or pulleys, w'hich cannot get ouf of 
order One man can fill the bucket 
and wmrk the hoist from the stoke- 
hold lloor level The illustration 
(Fig. S) is almost self-explanatory. , 
There are tljree cast steel brass- 
bush|"d guide rollers on each side of 


the bucket j and two wire rope 
guides, which pass between these 
rollers as ^hown, the upper end of 
each guide beings attached to a cast 
steel plate or header. 

When the bucket is lifted and has 
reached the upper terminal the 
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middle pair of wheels engage with 
the slots shown m the headers, while 
the uppermost pair of wheels run 
round the {lenphery of the headers 
and thus cause the bucket to tilt 
and empty. I he levers and weights 
shown are provided for floating in- 
stallations, in case the vessel has a 
heavy list, when the levers will give 
the empty bucket suffn'ient im]jetus 
to return to the vertical {position 
again. They also have the advan- 
tage of bringing the bucket gently 
to rest when tilting.*' , 

The hoist (Fig. g) for manipulat- 
ing this bucket is very sim|)le in 
construction, easy to handle, and 
noiseless. It has a direct lift with- 
out any complu ated gearing, and it 
IS practically impossible to overwind 
or get out of order. It consists of 
two solid drawn steel tubes of dif- 
ferent diameters, connected at the 
upper and lower ends- to cast-iron 
chambers which carry theTwo^ter- 
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imnal wheels. An endless chain 
with flat links, equal to a working 
load of one ton, runs through both 


The tubes are galvanised 'nsalc 
and out by a process whudi leaves 
the interior (juite smooth Stops at 
the upper and knver ends of the 
larger tube prexent the piston fn in 
coming out too far. 

If pressure water is admitted into 
the upper (liamber the larger piston 
will descend, or (onversely, if the 
water is admitted into the hwver 
( hamber it will rise, ( ausmg the 
chain to traw'l and rotate* the top 
spiocket wheel, which commiinu ates 
its nK'tion to I lie winding (hum, which 
in tiini either misc's oi loweis the 
bucket coniU'ctc'd to it h\’ a wiic* c able. 
No exjieiisive lit lings are ic'cimu'd, as 
the power nec'clecl is only ol low’ ])ics- 
"Uic'siuii as c<m he liiinisliecl by any 
c.on\enic‘nt donkey j)um))m the* engine*' 
rc.)om, c'ap<d)le of standing, say, 
100 lbs pressure per scpiare inch, or 
from a hx'draulic mam. 1 he largest 
size hoist only recjuires a 
water siipj)l\ pipe from donkey 
pump to hoist control cock, and a 
i|-m. pipe Irtun control cock to 
beast 

When rec]uired to raise ashes, all 
that IS necessar}’ is to start the 
donkey “ crawling,” when sufficient 
power IS generated for working the 
hoist. It IS usual, when self-tipping 
buckets are discharging down a 
shoot, to use a small suf)t)ly of w'ater 
for keeping the' shoot clear, and this 
water can be made to w’ork the hoist 


tube" <incl round the 
wlieeb like the chain of a 
hue ket elcw .itor. In e.ich 
tube isa])iston fittc'd w'lth 
doiihlc cu]) k*ather*- and 
c'oniiveted to the c ham, 
so that w'hc*n the one is 
u])peimo^t the other is 
jii the lowe-^t |^vt^ltlon. 

i'he lowc-i tc*immal is 
simply held by a tighten- 
ing ^('rew, while the* 
iippc'i one has a spindle* 
which jirojects through 
the ca^^t-iron casing, and 
to this spindle the ch nni 
is kex'ecl loi w Hiding up 
tile wiic* ic)])e wliK'li hits 
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before being turned into the shoot. 
By means of the two starting levers 
shown in the illustration the hoist 
can be manipulated either from 
above or below. 

A type of ash hoist in which the 
bucket IS of a somewhat different 
construction, and in which the path 
IS prescribed by two girders placed 
obh(|uely above the hoist, is shown 
in Fig. 10. The skips are provided 
with a loose bogie, so that they can 
be pushed under the ash hoppers, 
filled, and pushed back into the 
hoisting position, when the skip is 
lifted off its bogie and raised till it 
touches the oblupie track, which it 
now follows until a tripper is en- 
countered at the dumping point, 
w'hich causes the skip to empty. The 
skip IS supported below its centre 
of gravity and held upright by an 
oblique arm at the back, and it is 
this arm which is pushed out of the 
w^ay by the tripper. The position of 
the electrically-dri\ en wanch in the 
boiler-house is showm in the illustra- 
tion. Very neat ash hoists are 
made by The Chain-Belt Engineer- 
ing Co., of Derby, and bv Robert 
Dempster & Sons, Ltd., Elland. 

MONO-RAILS. 

Trucks with four w’heels and 
running on tw'o rails for handling 
ashes from boiler-houses, and, in 
fact, in practically all industries, 
arc rapidly' being superseded by 
the Mono-rail The rails of the 
former being on the ground are very 
much m the way of other traffic, 
especially in congested passages 
and factory rooms. The oy'erhead 
mono-rail, from w'hich the vehicles 
are suspended, is a little more ex- 
pensive to install, but it occupies 
space which is generally of less 
value, and there are cases in which 
conditions obtain which involve ihe 
absolute necessity of transport at a 
considerable height from the grcaind 
so that there is a good deal to be 
said in favour of suspended overhead 
traffic. The culminating point of 
the overhead system is reached in 
the telpher, but under mono-rails 
w’e wall here' consider the. humble 


progenitor, the hand-pushed sus- 
pended receptacle, which can save 
njany a man as compared with 
transport on four wheels and two 
rails. 

Among the obvious advantages of 
this system are the following : — 
mono-rails (/.c., the rails them- 
selves), being out of the way of 
other traffic, remain clean and un- 



obstructed, and therefore offer less 
resistance to the movemefit of the 
vehicles, and the latter having gene- 
rally only two wheels, run more 
easily than four-w'heeled receptacles, 
as the friction is less. The con- 
dition of the ground, whether level 
or otherwise, does not influence the 
construction of a mono-rail system, 
and the floor is unobstructed by 
rails, turntables, etc.; the vehicles 
can either be suspended sufficiently 
low for a man to push whilst walk- 
ing on the grounci, or so high up 
that they do not interfere wath other 
traffic, or with obstructions, such 
as plant or machinery, on the 
ground. 

The track may be supported from 
the ceiling or other part of the 
building, or from constructional iron 
or woodwork. It may negotiate 
sharp curves and gradients, adjust- 
ing itself to most requirements. In 
small installations the track may be 
a light rail section, or may consist 
in its sim})lest form of a flat iron 
bar, the vehicle being suspended 
from a two- or four-wheeled trolley 
upon these rails (see Fig. ii). If 
the point of suspension is too high 
above the ground for manual pro- 
yiulsion the line may be laid so as to 
work by gravity if it is only reejuired 
to transport goods in one direction. 
For large installations the rails are 
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of ^Bore' substantial section and the 
supporting girders are correspond- 
ingly heavier ; a smalf suspended 
locomotive can even be ifsed to pull 
a tram of vehicular receptacles 

An application oT the mono-rail 
skip for removing ashes from boiler- 
houses IS shown in Fig. 12 . In this 
installation the ashes are brought 
some little distance through a tun- 
nel and shot into an nsh hopper 
by tipping the skip, which is sus- 
pended below its centre of gravity 
From thfs hopper the ashes are re- 
moved to«u •railway truck b\' a tel- 
*pher with hoisting gear, d'he skip 
from this is lowered b\ the hoisting 
gear, and the man above fills it by 
letting down the shoot from the out- 
let of the ash hopper by a rope. 
Wlien the skip is loaded, the shoot is 
raised again and the hoist started, 
lifting the skip to the top, when the 
tiavelling gear of the telpher comes 
into play, conve}’ing the skip oxer 
the truck in the position shown in 
the illustration, where it is tipped 
Flaving now dealt at some length 
with the disposal of asties, we will 
see what labour can be saved in 
bringing and storing eoal <is ( lose as 
possible to the boiler-house 



THE STORING OF COAL. 

An open stock-pile or heap as 
a mam store for eoal, fro,m 
wlmh smaller scuondarx elevated 
ac'cumiilations of coal are re- 
plenished, IS an important assent 
in all large mdustri.il enter])rises, 
and therefore' desc'rxes the closest 
and most c.irelul consideration 
fiom manx standpoints In thi> 
count rx’, where the industrial 
centres are in c ornparatix ely close 
promixitx to the coalfields, it max' 
apjiear, and right 1\' so, that it is 
unneeessarx to keep so large a stoi k 
of cc^al as it is m /Xmerua, but the' 
stock-heap is like an accumulator, 
whic h can be added tc) when eirc iim- 
stances are faxourable, and from 
which coal c an be' withdrawn as rc'- 
cjuired, and jiartic ularlx’ so wdien 
strike's, lock-outs, brc'akclowns m 
collieries, and fnnrniajcuri', as well 
as the state of the market, make 
the supply imrelnible or impossible 
Ihe larger, therefore, the stock, the 
less the likelihood of a stoppage for 
want of fuel or raxv material 1 his 
ap})hes more partu iilarlx' at this pre- 
sent crisis, tlioiigh it applies to a 
lesser cleeree at all times 

An ordinarx heap of coal devoid 
of <ipphan( c's f(»r rc'chiiming it with- 
out shifting it bx' h.incl labour is, 
with certain resc'rx ations, a make- 
shift and one of the' gre.itest c'vtra,- 
xagances, for each time coal‘ is 
handled it cletc'i lorat es m value, and 
partic ularlx so whc'ii shifted by the 
most meffieient means for the pur- 
j')c,)se -theman withtheshc)vel When 
coal has one e -^leen raised m any 
ktnd of recejitacle, or by any 
mec hanical dex'ic c', it should either 
be retained m that elevated position 
m sueh a wav that it can be with- 
drawn (simplv bx'^apenmg the gate 
of a shoot ) by graxitx' — like water 
from a tank -or it should be accu- 
mulated m a way in which it is auto- 
maflcallx' .k . ^ssible to cc^nveymg 
machmerx^ wittiout the aid of the 
human element. 

Now' the chfficultv in following this 
♦fundamental principle is not great 
for small estabhshmynts. Thex' 




'■have, or should have shall we say, 
overhead bunkers above their boilers 
or retorts, large enough to receive a 
w«ekly supply, or a supply at cer- 
tain regular intervals, which is paid 
out and distributed as wanted to the 
boilers, etc., so that at the end of 
the period in question the bunkers 


the rainwater can drain (^f. The 
accompanying illustration, Fig. 13, 
shows such* piles on the trestle 
system. This s}'stem employs two 
parallel trestles of moderate eleva- 
tion, say 10 to* 15 ft., and about 
pft. apart, and a Link-belt standard 
gauge crane on one trestle lifts coal 



are e.xhausted, or if large enough 
hold a small margin. Where such 
a regular supply cannot be depended 
ufion with absolute certainty, a 
main stock-heap as mentioned above 
is indispensable. Those who have 
made a convenience of the railway 
companies’ trucks for holding their 
stock of coal will probably not be 
able to do so now 

To hold very large masses of coal, 
such as would be necessary for a 
main stock, in suspension at a suffi- 
cient height, is a costly, nay almost 
impossible proposition. We will 
therefore see wiiat judicious 
methods can be adopted U? form*a 
main stock in such a way as to be 
automatical!}^ accessible for reclaim- 
ing by mechanical means. 

d'he first and siT\iplest, and there- 
fore least expensive, method is a 
plain heap accumulated on a 
cemented and well-drained space of 
any shape m the }'ard. Well-drained 
means, in this case, either on a 
gentle natural slope, or if the 
ground is quite level, slight artifi- 
cial slopes leading to drains should^ 
be provided, ^so that in either case 


from cars on the adjoining trestle 
and store, as shown in the cross- 
sectional view. Where a trestle is 
already in use the construction of 
a short parallel length gives the ad- 
vantage of cheap and automatic* 
stocking and reloading, and adds 
materially to the storage capacity. 
The method of forming the heap is 
a separate subject dealt with later. 

do withdraw the coal from such 
a stock can only be accomplished in 
two ways, firstly by crane or telpher 
and grab (this only to be recom- 
mended if it has been aci iimulated 
by these same means), or secondly 
bv pneumatu' suction plant (-avail- 
able however only for coal of small 
si/e' Idiis latter s\’stem is fairly 
efficient. .Suction •mams are laid 
alongside the h^ap (which is in this 
ease best with A rei t angular base), 
on which tee joints are provided for 
the attachment of flexible nozzde 
pipes, which are conducted to the 
side of the heap by a man, like a 
fire-hose, only with the opposite 
effecL ddie pneumatic withdrawal 
has the advantage that the coarse 
and fine are taken together as they 





he, and* with practu all) no break- 
age, whilst with the gr<ib a certain 
amount of breakage is unaxoidable, 
with the ronsc(|iient accumulation of 
coal dust at the botiom of the heap, 
which ma}^ be conducive to spon- 
taneous Ignition, besides the re- 
duced value of the coal and the fact 


the same rolling stock which brings 
the coal, be it surface trucks, tel- 
phers, or ropcwa)’s, can ajso 
be used in all or any of the tunnels, 
all the lines converging to one point 
near the boiler-house, so that it will 
only be necessary to lay suitable 
rails on the floor or ceiling, as the 



that coal taken from the heap is 
not of average (jiiahty, that is, the 
last will (ontaiii much dust 

All other sto('k-heat)s must be 
superimposed upon one or more tun- 
nels or cuherts, [iroxided with suit- 
ahl(' (()n\''vc'rs of the (ontiniioiis or 
intermittent t}pe into whuh the coal 
uin be drawn through shoots ( om- 
miinicating betwc’cn the c(»al and 
the (()ii\a'\cr. These ( omiminu'a- 
tKuis are fitted vvith slides, which 
are withdrawn by rack and jiinion or 
l\ lexers, or both, or in some other 
simple way 

TIu' convex (“IS max’ be of anv of 
the \\ell-knoxvn band, piish-])late, 
r - link, ('onl iiuioiis trough, or 
graxitx bu( ket txpes, xxhile the m- 
terinillenl ( onx’exaaN m<ix’ small 
gauge r<iilwa\ trmks haiihxl bx 
motors or ropes, mono-rails, or tel- 
pliers, (Other ('! th(' lattiT txvo m 
(on junction xxitli a ropexxax if great 
(listanc('s hax{' to be m'gotiatxxl 

Now as to the base ii])on xxhich 
s^u'h acc niiiulations of eoal can be 
stored, there are manx’ methods, 
and the introduction of fortified C(3n- 
( is’te for sie li strmtiires has 
widened the field of [lossibihtx' ton- 
siderablx . d he simpdest method, 
but ])}■ no means the best, is a lex el 
base \x it'll a number of tunnels be- 
neath, as shown in Fig ij| •I'his 
can onlx be recommended for the 
mtermittejit tx’jies of conveyer, as 


case may be, for the conveying 
methods alreadx' mentioned. Ihis 
plan has the disadxantage that as 
the pile dimmish('s trimming will be- 
(oiiu' iKM ess<irx', <is the (oal will he 
as indicated b\' dotted lines, when 
it ('eases to run out 1)\ graxit}’. If 
\\e wish to axoid this trimming and 
ni.ikc' the store (]uit(^ automatic we 
must gixe it a base as shown m 
log. IS. The illustration shows only 
two cuherts, but there ( ould be any 
number, and th(“ hopper max be en- 
tiK'lx underground, or ])artly aboxe 
as shoxxn. lug it) shows a single 
hojipc'r bas(‘ lor a smaller stock- 
heap The structures ar(' c oin])('.setl 
of ferro-c OIK rete, and buttresses 
xvill Inixe to be proxided at 
legukir distances to carrx anx' 
siijierst rue t lire which may be 
recpiiri'd over the })ile. The 
height ajid strength of such striic- 
tu*re depends n.iturallx’ on the 
method choscui, and it is jiatent that 
f<)r a contmuesus tx']K' of conx’twer 
like a band or pu^li-plate, a lighter 
structure^ will suffice' than for an 
intermittent txjie which carries 
hirger mdixidiial loads If, on the 
othc^r limnd, the pile is formed by a 
locomotixe travelling crane and 
grab, which can reach oxer from 
rails at the side to the centre of tlm' 
])ile, no superstructure whatever 
•will be necessarx' 

To xvitiulraxv the cc.^il from the 

• !♦ 
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base of the pile is the most correct 
pioredure. It has the advantages 
the previous method that the 
coal which has been longest on the 
pile IS withdrawn first, the small 
does not accumulate, and because 
the coal is frecjuently in motion 
through the removal of the lower 


main stock should be as near its 
destination as possible, and in new 
installations no one who gives the 
matter a passing thought would lay 
his plan out otherwise, but have the 
n>ain heap between the railway sid- 
ing or the waterside and his boiler 
or retort-house. But unfort unatelv 



layers spontaneous combustion is 
prevented, and the pile can, there- 
lore, be raised with safety to a 
greater height. 

As a rule it may be said that the 
greater the capital expenditure on 
the structure supporting the stock- 
heap, the smaller will be the expen- 
diture for the mechanical appli- 
ances, and as die latter are 
subjected to deterioration Ayv wear 
and tear, renewals, and breakdowns, 
from which the lormer are immune, 
it is more economical in the end, and 
the plant is less subject to stop- 
pages if the expenditure on the 
structure is not stinted. 

We come now to the deliver)’ of 
the coal from the main stock tc the 
auxiliary bunkers from which it will 
be drawn for use Ihis depends to 
some extent upon the nature of the 
ground and the proximity of the 
main stock to the final destination 
of the coal. It is obvious that the 


for the engineer (not the capitalist'^ 
big establishments ha\e some- 
times grown from a small niic- 
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leus on a conimeg space, so 
that, often additional land will 
have to he ac(}uired for stock-heaps 
when matters do ^lot arrange them- 
selves (|uite so favourable Fig. 17 
shows a good installation by the R. 
H. Beaumont Co ; the siding being 
close to the boiler-house and the 


other hand the distance between the 
stock-heap and the final destin^ition 
of the coal is sufhciently great, a 
conveyer of the less expensive band, 
continuous trough, or I j -link type, 
can be used in the same way, ex- 
cept that the ascent is oblique 
instead of \ertical. Intermittent ap- 



sto( k-heap l)(‘tw'e(m the two. 'bhe 
grab takes the ('oal to a portable 
licqiper with coal-breaker for Idling 
the bunkers, 11 the hea]) is in a 
suitable position, the best plan 
would probably' be to choose a ('on- 
vcycii which (an at the same time 
be used to ascend an incline suffi- 
cient to reach and traverse the top 
^f the bunker^ and disidiarge into 
them. We thus see that if the mam 
stock-heap is (juite dose to the 
boiler-house, one of the more ex- 
pensive gravity bucket conveyers ' or 
a V-bucket elevator slioukr travel 
through Ihe culvert under the stock- 
h.eap, t^ke its load, and ascend ver- 
tically to the top of the bunkers of 
the boiler-house, and there finish bv 
a horizontal run on top of the bun- 
kers, and deliver its load. If on the 


j^hames, siuh as mono-rails and 
telphers, and even ro})e-hauled self- 
discharging trucks, can be used in 
the same way if a verv gentle slope 
is permissible for the rise of the 
receptacles to ne disc harged. 

Less convenient and more expen- 
sive in initial cost, as well as in de- 
preciation of the coal and wear and 
tear of the plant, tis the use ot more 
than one convTyc'r and elevator. 
1 his applies principally when the 
distance becomes too great for one 
coi^vcN^T, or combination of con- 
ve\ci ind elevaicjr. In such cases 
an intermittent sv'stem (one of those 
alre vdy mentionecL mav be used to 
bring the coal from the main stock 
to the boiler-hcsuse, anci there deliver 
Its load -into a gravity bucket or 
similai con v'e.v'c^i' 




FIG 19 .— U-I..NK CO.NVKYKK AS FED BY T^B ELEV iTOR IN FIG 18 
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at the top, distributes the coal into In concluding the subject, we 
the. various bunkers, hr a separate have still to consider the delivery 
bucket elevator and a separate con- and accunuilation of the coal ft-om 
veyer may be employed to fdl the the barge or railway truck to the 
bunkers. Figs, and ig show a stock-pile. If the coal arrives by 
bucket elevator and U-link conveyer barge it is unloaded either by grabs 
of Messrs. Fd. Bennis & Co., Ltd., in conjunction with a crane or tel- 
in use at the Klectncity Station, pher, or by a suspended bucket 
Southend-on-Sea.^ ^ ele\ator, and lifted to a convenient 



FIG 20— SIDE EILV\riU.N AND 1>I AN OF BAHOE hi E\ AFDK < DN\ | \ |,|{ M (DVIMin 
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'I'his practK'all)' disposes of all the 
usual methods winch will, however, 
be more full) illuminated when we 
deal with the boiler-house proper. 
It is#now onl)' necessarv to be men- 
tioned that when withdrawing coal, 
as in the first instance by grab or 
eneuinatic in^ans, a conveyer or 
elevator, or a combination of the 
two, IS likewise necessary to deliver 
the coal into the bunkers; at any 
rate, it is unaxoidable in the case of 
the grab, while with the pneumatic 
□lant it can be axoided b\' building a 
tower-hke erection above the 
bunkers to accommodate tl^ ter- 
minal plant of such installation. 

^FuH^a (lo.cribnl in "Kiipinefrin^,” of October .30, 191 4i 


height at which it can be conve)'ed, 
generally by narrow gauge self- 
empt\’ing trucks, to the top of the 
stock-juile. WTiat is known as a 
barge elevator is very frecjuently 
used in place of the hoist and grab. 
Such an appliance is illustrated in 
Fig. 20, which 4S at work at the 
Coventry Corporation Electricity 
Works,* and was erected by Messrs. 
Ed. Rennis & Co., Ltd. 

Th» elevator consists of two dust- 
proof trunks each constructed from 
two 10 in. by 3 in channels and two 
17 in. by ] in. plates, which makes 
a very substantial job. 

The two trunks are bent as shown 

Fully (loscribed in “ Tho Eneineer." • 


in the illustration, and connected at 
either end to the usual elevator ter- 
minals. The outer trunk accommo- 
dates the loaded rising strand of 
buckets, while the return strand 
descends by the inner trunk. Rungs 
are riveted to the outer trunk to 
form a ladder for access to the driv- 
ing terminal. The elevator is sus- 
pended above its centre of gravity 
by two sets of parallel arms, the 
upper set with heavy balance 
weights, so that the machine can 
be adjusted easil)' up or down in the 
barge by turning a handle fitted to 
the spindle of a worm which gears 
into a toothed (juadrant. The 
parallel levers are pivoted on the 
land side to a pilaster constructed 
of 6 in. by 3 in. channels and 
strongly braced together. The ele- 
vator chain IS of the dc)uble-link 
t\pe, and the buckets are of mild 
pressed steel, and 12 in. wide. Like 
all barge elevators, the lower ter- 
minal IS not enclosed, so that the 
coal can enter the buckets freely, 
and the chain is kept taut b\' the 
usual tightening screws at this end. 
The elevator terminal wheels are 
hexagonal. A steel shoot secured 
to the upper terminal discharges 
the coal into a ho])[)er, irrespective 
of the position of the elevator or 
barge (the illustration shows the 
elevator in its lowest positioiT, and 
from this receiving hopper the coal 
IS delivered on to a Bennis U-link 
convcvcT with a slight ascent I'he 
trejugh of the ccDiiveyer is of c'ast 
iron, and Q in. wide b\' 6 in deep by 
I in. thick. In this installation an 
automatic weighing nfachine is used 
at this point, so that a record of the 
coal received can be kept. Before 
this plant was installed manual 
labour was emplo\'ed, when the coal 
was raised bv hand and thrown into 
the store, and since its erection the 
saving effected in the transit from 
barge to boiler-furnace is 6c per 
cent. In a stock-pile or coal-silo 
house the U-link conveyer would 
reach right to and over the pile or 
silos instead of terminating where 
shown in the illustration. 

In a few isolated cases w^^ere the 


works in cjuestion and the colliery 
not far distant are under the same 
control, the fuel may be brought by 
a ropeway wl/ich would deliver auto- 
matically on the top of the pile, but 
this is so rare ad occuirence that 
the proposition might almost be ig- 
nored. 

If the railway siding should be or 
can be brought high above the 
ground level, it may be possible to 
liring the rails right along the centre 
line of the main pile high up, and so 
deposit the coal by self-unloaders 
This IS an ideal solution, bu'. unfor- 
tunately not often possible. 

The only other proposition is to 
enipt}' the railwav’ trucks either by 
tip, or by the use of self-discharg- 
ing wagons, into a pit from which 
the coal is raised by a continuous 
elevator and conveyer (to be more 
fully described under the heading 
“ Terminal Plant ”)» 
the intermittent handling devices, 
to the top of the heap. 11ns means 
a steel structure on the top of the 
hoppered concrete base of the 
stock-pile. A travelling crane 
running (_)n rails with a (lam- 
shell bucket, on one or both sides 
of the pile, which grabs the coal out 
of the aforesaid pit, travels along 
the pile to deposit its load w'herever 
the heap wants replenishing. With 
this arrangement the coal can be 
reclaimed either as deposited, b>’ 
grab, or 7'ia the tunnels by other 
conveyc'rs. One of the best inter- 
mittent convev(“is for this particu- 
lar purpose and not vet mentioned 
is the Hunt automatic railwae, which 
can be used in connection with coal 
unloaded, as stated, from rail'wav 
trucks, or it can be charged a 
small receiving hopper from a crane 
and grab, as taken irom a barge 
The Hunt automatic railwmy is not 
so well known in this country that 
a short description of it would be 
out of place here. 

This automatic railway is now in 
general use in America In this 
country it is built by Messrs.. Bab- 
cock Wilcox, Ltd., and a few of 
the more important installations 
here are, at the Avonbank Power 






Station* Bristol; the United Tram- 
way Power Station, Di^blin; the Gas 
Light & Coke Co., London; and the 
Lancashire Power Co.,*Radcliffe. It 
consists of an elevated self-acting 
railway operated entirely by gravity; 
there is no steam, horse or manual 
power required in its working. Its 
chief peculiarity consists in storing 
sufficient energy, wliK’h has been 
ac(|uired by the loaded car descend- 
ing the inclined track, and which, 
after the load has been discharged, 
is utilised to return the empty car 
back to^tfte place from whence it 
started. It is limited to a run of 
about 500 ft., and the incline of the 
track IS about per cent. It is per- 
haps at its best for distances not 
exceeding 400 ft., and capacities of 
60 tons per hour. 

Ihe coal is hoisted from the boat, 
either by steam or electric power, 
and dumped into the car bv an 
attendant. It takes the entire 
attention of one man to operate the 
railway, who loads the car and 
starts it by a slight push. The car 
runs down the track, deposits its 
load at any predetermined point, 
and returns to the hand of the work- 
man The workman docs not 
accompany the car. 

The car runs with great rapiditv, 
making, for instance, a trip of 
SOO ft , discharging its load, and 
returning, in aiiout so seconds. The 
car IS entirely automatu', and re- 
omres no attention whate\er from 
the time of starting with its load 
until its return empty, reach' for 
anotlier load. 

B\' the time a loaded car has 
readied the end of its journe\' it has 
automatically raised a counter- 
balance weight to a certain height, 
■b)' means of a^Iripper and steel wire 
cable, which the car picks up while 
running down the track. After the 
load has been automatically dumped 
the now' empt)’ car receives an im- 
pulse by the sudden descent of this 
balance weight, which is sufficient 
to retuin it back up (he gradient to 
its starting point. The w’eigh^ rises 
^nlv a limited distance, the object 
i^eing to, give the car a start back, 


and the momentum carries it tl?e 
remaining distance. Care has to be 
taken to make the raising of tile 
weight a gradual movement, so fhat 
as few sudden strains as possible 
are brought on the various parts of 
the mechanism. The returning 
weight can be placed at an\' part of 
the track most convenient, anci may 
be boxed in and coal piled around 
it; it needs no attention wdiatescr. 

'Uie cars used (sc-e Fig. 21) are of 
w'ood and iron lined, or entirely of 
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steel, and lhe\' discharge the load 
bv o})ening the sides b\’ means of a 
tritiping block placed on the track, 
letting tlie coal run out on each side. 
The bottom has a ridge in the 
centre, so that the material runs en- 
tirely out. The sides are fastened, 
not to the car, but to each other, so 
that if one is unfastened, both are. 
The load is aKvays discharged 
evenly and wathout clanger of over- 
turning the car, although it is a very 
narrow' gauge. The bearings of 
the car are somewhat peculiar, as 
the\' are so arranged that it runs 
round a cur\e of ^0 ft. radius, theo- 
retically- as easily as on a straight 
ITne, and practically nearly as easily. 

The gauge of the track is 21 in. 
from outside to outside of rail heads. 
The steel wire rc^e that raises the 
w'cight is detached from the car 
except during the time that the 
latter is raising the weight and re- 
ceiving the impulse to return; this 
permits the loading end of the track 
to be curved to a radius of 30 ft. 
Fig. 22, w'hich illustrates the 
arrangement of tracks over a coal 
yard, will show that this system 
can be a^Iapted to almtist an\' situa- 
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which has not yet found favour in 
<jur land, is on different lines alto- 
gether from all those described 
above. Stock-jiiles on this system 
are almost exclusively used for 
storing anthracite coal, as bitumin- 
,ous (oal cannot be stored in such 
high piles, which are frequently 
6o ft. liigh and 200 ft. in diameter. 
There seems, however, no reason 
wh\’ such appliances should not 
answer eipially well for storing other 
minerals. 

The standard “ Dodge ” plant 
consists essentiall}' of a push-plate 
or chain and flight couvever sup- 
ported by sliear trusses, constitut- 
ing a ^trimming machine which piles 
the coal with a minimum of break- 
age, delivering it upon the ground 
or at the ascending ajiex of a coni- 
c*al pile as it is formed. 

T he withdrawal or reclaiming of 
the coal is begun b\' an open-sided 
conveyer which is pivoted and runs 
on a number of circular ground- 
lex el tracks, extending between and 
over the area covered by the piles. 
This coftx’eyer works against the 
edge of the pile, and follows up the 
receding edge as the coal is re- 
moved; it* IS operated bx’ power anci 


IS SO devised as to be fullx' under 
the control of one man. 

In detail, the “ Dodge ” system, 
as usually applied to open-air stor^ 
age on levelled ground, consists of 
txvo trimming machines, and the 
pixoted ground conveyer xvhicTi 
travels radially between them, form- 
ing one group or unit. A coal stor- 
age plant consists of a number of 
these groups, which max’ be of e(}ual 
or ol varied capacities The shear 
trusses are fixed to correspond xx’ith 
the angle of repose to the coal, the 
front truss of each group, ^.c., the 
truss adiacent to the track-hopper 
or receiving pomt, containing the 
co;ive\er- This convcx’cr runs in a 
trough, haxing for a bottom a con- 
tinuous steel ribbon about 12 in 
wide, which is wound upon a chun 
at the foot of tlie Truss, and is ])aid 
out onlx’ as demanded by the for- 
mation of the pile, this feature pro- 
vides a gentle discharge of the coal 
and prexTots breakage. 

Fig. 23 represents a “ Dodge 
coal-storing plant, showing on the 
right a typical “ Dodge ” pile. The 
^middle and left-hand piles are of 
'bituminous coal and, therefore, not 
so high. The installation is that of 
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lalcd 111 a store, it often pa) s to 
elevate a little higher and erect a 
structure for the coal well above the 
^^roiind and out of the damp, and 
this IS also nec.essarv if it should be 
desircdile to protect the coal from 
the' weather When c.c)\ered coal- 
s*lores or silos are used, thev are in 
nearl)’ ever) respect similar to the 
heajis, but in cdosed or roofed-in 
biiildini^s, and what has been said 
concerning- the feechn^^ to and with- 
drawing- from stock-heaps will, in 
some measure, also apple here A 
mechanic-all)' ec]uip])ed coal-store 
with bucket elevator and two band 
cnn\’e)crs is shown in Idits 24 and 
2S, and the throw-off carriage used 
on the* band ('oiiv’ceer fec'dinj^; the 
store in F114 26. Fhe c apacitv of 

the' installation is tons per hour, 
ai*fl the band dinvc'V’er^ an' i() in 
wide. For low initial expense, dm 
in^ power, anci c'ost of upkeep, such 
an arrangement has no ecjual. In 
all coal-stores, and especially en- 
closed ones, it is essential to reduce 
the drop of the coal when feeding 
the store iis rnuc'h as possible, firstly 
to save the coal from breakage, find 
secondly to avoid dust A little 
care and Judgment can generally 


prevent iniuh of such damage by 
beginning to feed the pile or store 
at one end. When the store is cjuite 
empt)' there will be a high drop 
until a cone has been formed reach- 
ing to the feeding coin-eveis I'rom 
this stage onwarcl the coal will not 
drop but rcdl down the cone of coal, 
the sides of which are formed at 
the natural angle ot repose. Open 
spiral shoots are sometimes used, 
down which the coal can slide 
gently Such a device is used in the 
locomotive coaling plant of the 
F ^ X. W Railway at Crewe. An 
ingenious plan to avoid practically 
all drop IS that cj' the coal silos on 
Rank’s system, a silo house with 
oblTcjiie ferro-c oncrete divisions, the 
slant of which closely approximates 
that of the angle of repose of the 
(C)al. Fig 27 shovfs one of these, 
which needs no further explanation. 

CONVENERS AND ELEVATORS 
AND* THEIR SUITABILITY FOR 
DIFFERENT DUTIES. 

It has been statc^d in the intru- 
fluctorv remarks that a descrip- 
tion of 4I1C' well-knovvft types of 
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conveyers will not be given in these 
'images, owing to the fact that they 
have been so often described and that 
their general design has become familiar 
to most people If will be more to 
the point to amplify such existing 
know'ledge by summarising such de- 
vices and assigning to each type the 
purpose or purposes for which it is 
mo^t advantageously used, and also 
to give the economic speed at which 
such deviLCs should be run in order 
to give a fair capacity and ensure 
economv as far as wear and tear and 
consepuent repairs are concerned, and 
to make them as immune from break- 
down as possible In perusing the 
following particulars, it may occur to 
some readers that some of the speeds 
and capacities an* figured too low. 
This may be so, and most, if not all, 
of the machines could under pressure 
be run at higher speeds yielding 
proportionately higher capacities, but 
not with a desirable factor of safety. 

Band Conveyer. — The best all-round 
conveyer ; it takes less power to drive 
than any other. It is htted wuth a 
composite belt of cotton and rubber 
for work under cover, and with a 
balata belt for work in the open. It 
is suitable for conveying all materials 
not sticky or hot, and particularly for 
grain, seeds, ore, coal, coke, sacks, etc. 
The speed of running vanes from 
120 ft. to 600 ft per minute, according 
to the nature of the material being 
handled It will work from a hori- 
zontal direction to an incline of 2o^ 

Continuous Trough or Pan Conveyer 
— This type of conveyer is particularly 
suitable for small coal and ccke, 
Thomas phosphate, cement clinkers, 
and ashes, if dry. Speed of running, 
60 ft. to 120 ft jper minute. It will 
work from a horizontal direction to an 
incline of log and if fitted with cross 
partitions up to 30^. 

Worm or Archimedean Screw ('on- 
veyer. — This conveyer is inexpensive 
and reliable for short distances and 
small capacities of all small materials 
which are neither sticky, inclined to 
clog, of a very cutting nature, nor 
friable. It ‘'is particularly suitable for 


grain and seeds, either whole or in all 
stages of reduction m flour and oil 
mills, small ‘'coal (for short distances), 
fine cement, gypsum, Thome'i phos- 
phate, salt, and foundry sand. The 
speed is from 60 to 130 revs, per 
minute, and it can be used horizontally 
or at inclines not exceeding 30°.* 

Gravity Bucket Conveyer. — One of 
the best conv^cyers, but it is not so 
frc(|uently used m new installations 
as it used to be ten years ago, princi- 
pally because less expensive conveyers 
are often chosen instead. It is par- 
ticularly suitable for boiler-houses and 
for filling coal-stores. It should not 
be used for ashes on account of the 
corrosive effect of wet ashes on the 
bearing surfaces. The speed is from 
30 ft. to 90 ft. per minute. As the 
buckets are suspended above their 
centre of gravity, and therefore always 
hang perpendicularly, the conveyer 
can work either horizontally or verti- 
cally, or partly in either direction. 

Push-Plate or Scraper Conveyer. — Is 
less expensive than a band conveyer 
and consumes more power, but is more 
economical m the latt('r respect at a 
low speed Particularly useful for 
coal foundry sand, and all such matt^- 
rials which are not of a cutting nature, 
or for line powder of great specific 
gravity. Speed of travel, ho ft. to 
150 ft. ])er minute It will work from 
a hoiizontal direction up to an incline 
of 303 causing a reduction m c:ipacitv 
of ih ))er C('nt for everv 10 of incliiu- 

Wood Slat ('onveyer This type of 
convever is more jiarticularly for 
sa( ks, j-)acking-cascs pig-iron, etc d'he 
spet'd of travel is from 40 ft. to Po ft. 
per minute, and it is bi'st used hori- 
zontally or on an incline of not more 
than 10'^' 

Steel Plate Conveyer. -Particularlv 
suitable for large coal whiidi reijuiies 
picking over. Speed of travel, 40 ft. 
to bo ft. per minute, and it can be 
used up an incline not exceeding 15". 

Reciprocatin!^ Convever --Used for 
feeding boiler-houses and C4)al-store->, 
for washed coal, copper ore, pyrites, 

‘ If of a HpeOal tvjie it oau bo made t.o work vertically 
ike an elevator i 
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Coal loading out Plant at Port Talbot: capacity 700 tons per hour 
Erected by Messrs. SPENCER & Co.. Ltd , Melksham. 


Thomas phosphate, coke. More par- 
ticularly suitable for slightly sticky 
materi^fls and those of a cAtting nature 
on ac^pnt of the small expense with 
which it* can be repaved. The speed 
varies according to the type from 
8o to 350 revolutions per minute 
Pmh Trough Conveyer .—k stationary 
trough with reciprocating push-plates, 
used more ] articularly for salt, salt- 
petre and other cliemicals, and foundry 
sand. The speed is fr(un 50 to 60 revolu- 
tions or strokes per minute. 

Hot CoJ^ (^onveyer Speed from 90 
• to 120 ft per minute. Will work from 
a horizontal direction to an incline of 
30°, and by slightly altering the shape 
of the bars even up to 45°. 

Elevator (Bucket) — Adaptable to all 
except stickv materials Particularly 
used for grain, coal, coke, sand, ice, 
ashes, salt, chemicals, slurry, etc. 

.Mimjlc 

Speed for Flour, with closed 

elevator well . . 4(80 to boo 
,, ,, Grain, ditto .. 360 to 4<S() 

,, ,, Nut Coal, ditto . . 120 to 180 

„ ,, Salt, with closed 

elevate)!' well . .90 to 120 
,, ,, Slurry, ditto . . bo to 90 

^ ,, ,, Large Coal, fed by 

a shoot into 
buckets on the 
iipgoing strand bo 

,, ,, Cok(', ditto . . f)o 

,, ,, Road Metal, ditto 50 

All fast-running elevators (hay, 180 ft. 
per minute and over) may be erected 
in a perjiendicular position, whilst 
slow -running elevators (say, under 
180 ft. per minut(') must either be 
wholly^or partly on an incline of fiom 
b()° to 73’, or the buckets wall not 
emjity themselves completely at the 
(^'livery j^oint • 

Siuin^-tray and Einycr-tray hlevators. 
— 'Phese aie used for heaviei individual 
loads, such as packing-cases, barrels, 
sacks, carcases in meat stores, and all 
goods on trays w'hich recjuire caieful 
handling, such as aiumuuition m battle- 
ships, p^istry, l)iscuits, small arm 
ammunition, and manufactured g©ods. 
They are used m ammunition w'orks, 
bakeries iyid biscuit factories, w'are- 


houses, brick and tile works, chemical 
works, and for luggage in railwa’^' 
stations. The same machines can he 
used for travelling horizontally as well 
as vertically. Their speed of travel, 
if fed by hand, is from 20 ft. to 50 ft. 
per minute, and if fed automatically 
from 40 ft. to 60 ft. 

Mono-rails . — Are used to convey 
material in bulk by skip or other 
receptacle, as well as for large individual 
loads, or for handling the receptacles 
for holding material in bulk Mono- 
rails are particularly used in foundries 
where rails on the ground for four- 
wheeled trucks are dangerous. Here 
the mono-rail is used for conveying 
the pans with liquid metal, see Fig. 28, 
and the same installation carries the 
receptacles for foundry sand and for 
the coarse sand from the drying room, 
also the foundry boxes and the rough 
castings fresh from tlu' sand to the 
place w'liere they are ckMned. They 
are also used in factories, general stores 
and w^arehouses, as w'ell as for handling 
luggage at railway stations , m fact, 
ev(i\wvhere where surface tracks have 
foimerly been used 

To get an a])proximate idea of the 
diiving power consumed by the different 
types ol conve\eis, the followung figures 
may be useful in the choice where 
several types of conveyers arc equally 
suitable lor the same pui pose In each 
case the h p given is for a conveyer 
100 ft long, with a capacity of 50 ton's 
per hour 


Band ('onvever . . . . 4 to 5 

Reciprocating ('on\’e\er (Zim- 
mer t\ ye) . . . . . . 8 

Cdlitinuous Trough, Tray or 

Pan ('onveyer . . . . 12 to 14 

Ihish-plate or Scraper Con- 

vever . . . .. 13 to 15 

Steel Plate Conveyer. . . . ib to 17 

Wood Slat Conveyer . . . 16 to 17 

Push Trough Conveyer . . 18 

Wor^n Uf .Archimedean Screw 
Conveyer . . . . . . 20 to 25 


TELPHERS. 

• The narrow gauge surface track, with 
its rolling* stock adapter^ to various 
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uses, Is a system now established to a 
lesser or greater extent in practically 
all industrial establishments of any 
importance for the purpose of con- 
necting with rail or waterways, as well 
as for inter-departmental communica- 
tion in such works It is used to bring 
the raw material and fuel from store 
to plant, and again to transport goods 
in all stages of manufacture from 
department to department, and from 
shop to shop. It has ayiparently come 
to stay, while on the Continent, and 
more particularly m America, these 
surface tracks with their trucks have 
been largely superseded by the more 
-s^'ientific and more economical sus- 
pended vehicle siipfiorted f|om over- 
head rails, a system generally cafle-'^ 
mono-rails or telphers 

The gasworks and power-stations are. 
thanks to the not unselfish but still 
worthy enterprise of a few firms of 
engineers, the only noteworthy ex- 
ceptions in this country in which the 
telpher has partly and i^f/me^imes 
wholly replaced the Mirface track with 
Its manually, horse, and sometimes 
steam-propell^di vehicles. The time 
has now come when a more radical 
and more universal change should b 5 
made, espec?allv as it could take place 


gradually. The surface rails need not 
be disturbed until the overhead track 
is completed section by section, 

The advent of electiicity has been 
the chief factor iTi making such telphers 
possible, and perhaps nowhere has 
electricity — the handmaid of the en- 
gineer — assisted modern industry more 
than by its application to transport. 

Some of the advantages of the 
elevated track on which receptacles 
are propelled by electricity, ip addition 
to th(‘ saving of men, have already 
been mentioned in conneftid^i with the 
mono-rail Th(' track is exlremely 
flexible, and may lead over buildings 
and across rivers. 

In addidon to the elevated track, 
the telpher consists of a suitable bogie 
or trolley on tw'o to four wheels and 
supporting 111 a susjiended position a 
well-balanced receptacle to carry the 
load TIh' bogie or trolley is fitted 
with, and jirojxdled by, an electric 
motor, wTich takes its current by a 
small trolley pole from a single, double 
or triple conductor situated above or 
alongside the steel structure supporting 
the track. 

The telpher installation may be w^hat 
IS called a “ man-telpher,” that is, oni 
accompanied by an attendant, who 
from his cab starts, stojis, lowers and 
dumps th(‘ load and redurus for the 
next , or it may be so arranged that 
all movements are automatic, so that 
the telpluT with its load w’hen rekvised 
at the loading ])oint travels automati- 
cally to a predetermined point, dum})s 
its load, and returns empty to be 
reloadeii Where the material to lx* 
handlorl - such a nature That it 
recjuire^ j)uttmg on and taking oil by 
liand, such as pig-iron and goocK m 
cases, barrels, sackT, or c.ircases, or 
other large individual loads, the current 
IS interrupted at the loading and un- 
loading points, so that the telj)her 
comes automatically to a standstill, 
and when loaded and ready to start 
it is given a slight j)ush, when electrical 
contact will be re-established, and the 
telpher continues its journey, geneiadly 
over an endless track, round and 
round, till the day’s work is done 





Some *of the maii-tclphers arc pro- 
vided with more than c^e m(;tor and 
with electrical winches m pick np or 
lowcr\oads from or to the ground at 
any point on the lin(i, an arrangement 
which saves much labour in an en- 
gineer’s yard or a fitting shop. 

Automatic telphers have been per- 
fected to an astonishing degree. They 
are provided with a perfect automatic 
block system, the passing telpher 
establishing its own electric connec- 
tion, so* that no second telpher can 
enter thoilii^' within a pre-detei mined 
di'^tance ol that in front, and if one is 
stopped for some cause or another, all 
the succeeding ones will stop at the 
same distances apart To give a full 
description of the intricate electrical 
fittings would be beyond th<‘ scope of 
this article,, but to watch their uncanny 
movements one comes to the con- 
clusion that they do all but think 

Tel]diers for large and bulky loads 
are fitted with a tiailer, or double 
telphers are used, either direct con- 
nected or geared ; the latter is generally 
the case wheic' an excessive gradient 
has to be negotiated. The speed of 
travel \anes from four to a maximum 
of twent\ miles per hour, according to 
the nature of the load, the capacity 
required, and the gradient of tlu* track. 

The track may be bracketed to the 
sides ot buildings, or supported on the 
open land on A-brackets of timber or 
steel structural work, 'fhe load can 
be s\vit('bed on to branch lines over 
track switches, which the telpher man 
himself ojierates from his cab. The 
telpher man can also reverse his 
machi^ie at will, ojk'Ii and close doors, 
run the entile lengih of the storehouse 
or shop, and ])ick up hxids without 
any previous prci^iaration. In and out 
handling from the works is equally 
well performed by the same telpher, 
and there is no limit to distance. 

TelphcTs have been more particularly 
applied, as has been mentioned, to gas 
and electriedty undertakings for the 
purpose of handling the large (juantities 
of coal and coke wdiich have to be 
continuously dealt wath in such works, 
and they are employed in nearly all the 


largest gas and electricity works in this 
countrv, but the example has not 
been follow^cd by many of the smaller 
establishments. These appliances seem 
to be particularly applicable where the 
duty IS heavy and continuous, and 
where the route to be traversed is 
anything but a ‘Straight line, and also 
where branch inns have to be made 
off the main road. 

These telpher machines are usually 
designed to travel on a single rail, 
w'hich IS generally bolted to the top 
flange of rolled steel girders of suitable 
depth and flange width, according to 
the span between the available sup- 
ports. There mav be as many curves 
and branch turnouts as are necessary, 
the design of the machines being such 
that any reasonable ('urve may be 
negotiated wath ease and safety. 

big. 2() shows a two-way telpher 
track swatch of Robert Dempster 
Sons, Ltd , in plan and elevation This 
two-w'ay automatic blocking and lock- 
ing swatch mav be operated cither from 
the floor or driver’s cabin It wall be 
observed that the track is blocked 
where the swatch is open, wdiereby all 
danger of over-running on the open 
track is obviated 

Fig. 30 shows a four-way telpher 
track swatch in plan and elevation, of 
the same firm This foiir-w'ay mono- 
rail track, coupled wath an automatic 
locking and bhx'king swatch, is operated 
bv the hand-rupe iiiv'lK.ited from the 
floor level, its special advantage being 
that immediately the switch is dis- 
connected fiom any section of the 
track (to join uf any other section), 
iUiutoiuatically blocks all disconnected 
sections, which completely obviates the 
danger of over-running an open section. 

Most telphers aie diiven by electric 
motors, and Fig 31 shows a tw'o-motor 
telpher wath trailing carriage, built by 
Robert Dt mpster & Sons, Ltd. This 
maching is specially built with small 
whc^‘1 base and Id ted with trailer, wdiich 
readily lends itself for negotiating sharp 
curves and for lifting long skips. In 
the end view the method of mounting 
• this telpher upon a rail-track carried 
by steel pestles is show?i, as well as 
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the method of attacliing the live wires 
V along the track and the collecting 
g^ar. 

A petrol or oil motor telpher also 
built by the same firm is shown m 
Fig. 32. The petrol or oil motor 
and tanks are mounted on the telpher 
frame, whilst the hoisting and travel- 
ling motions are operated through 
clutches and machine-cut spur gear on 
an intermediate shaft, which latter is 
coupled direct to the oil motor by a 
silent chain drive. The machine is 


mounted upon a self-sustaining double 
track and ha&, therefore, four wheels 
which give me necessary rigidity for 
the successful working of the t^her. 

Telphers have j^een built foi^lealing 
with loads up to four tons, but there 
is no reason why heavier loads should 
not be dealt with if the necessity arises. 
The lifting speeds range from 60 ft. 
pei minute with heavy loads to 200 ft. 
per minute with light loads and a long 
lift. The travelling speeds may be 
anything from 500 to i,oo((^ ft. per 
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minute, according to the nature and 
length of the run. ^ 

Ny TERMINAL PLANT. 

MechaVlical terminal facilities make 
all the difference in the cost of transy^ort 
by rail and waterway, for if hand- 
labour only is available the cost of 
handling at the terminals^, i c , getting 


material in bulk it falls to the lot of 
the recipient to handle his own g('od^. 
In the former cas'', i.e., the railway, 
sidings are generally extended to the 
works of the consumers, and at the 
termini of these they provide their own 
plant to unload and get the material 
into store. In the case of the water- 
way it is more difficult, as tlu' river 
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tile goods on at one end and off at 
the other (md, might under certain 
circumstances be higher than the actual 
transpoit on such rail or waterway. 
The transference from one carrier to 
another should, therefore, be the serious 
concern of railway and steamboat 
comyianies.* T'acilities are oft('n pro- 
idl'd when dealing with merchandise 
in cases, barrels or sacks, but for 


or canal frontage is iiot always suffi- 
ciently large to accommodate private 
plant, and even if it is. it generally 
necessitat^'s a siding, ropeway, telpher, 
or soifie other kind of con\'eyer to take 
the material to the factory or works 
in the hinterland. Terminal plant on 
a waterway must often have y:)rovision 
t^ cc)[)c with the variation of the tide, 
and invariaj^ly requires the mateiial 









to be liffed out of the craft, while in 
the case of the railw^^y siding the 
material is dropped in the^first instance 
out f^-^the truck either by hand and 
shovel, fty tipping the truck (as shown 
in lugs. 33 and 34), or by employing 
self-emptying trucks which discharge 


chinery does not only save many hands 
and is cheaper, but it also saves a * 
great deal in demurrage on railway 
trucks and vessels, and it is not too 
much to say that on this account only 
the boat or railway truck can be used 
to do twice the work it used to do 
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that some of the terminal plant on the such a height as to recpiire only a 
Great American Lake> can handh' coal slight drop or slide of the (oal into the 
and ore at an in> lusive cost of lid trucks, and ore is (h'alt with in a like 
per ton, which formerly, with an army manner. With tlie loading for water- 
of men with wheelbarrows, cost is. 6d. wavs coal tips are generally used for 
per ton. A lo.ooo-ton steamer ran this, which are installed at all our 
now be unloaded tin re by four Mulct coal ports to such an extent and with 
unloaders m 5 to 6 hours', and ,'iu such a worthy enterprise that th.ey 
equipment at one wharf in Pliiladelphia need no advocate In fact, if all 
of two 36 in band conveyers can branches of industry were supplied 
deliver 28,000 bushels of grain into with plant for the mechanical handling 
ship per hour. of material as the coal-shipping trade. 

We are here more particularlv con- there would be no need for this propa- 
cerned with the unloading appliances ganda in the national interest. With 
at the end of the carriers' journi'V, as these loading facilitu's the cargo coal 
there is not so much to sav fob the is shot into the shi])’s hold by raising 
loading end Coal, which is, after all, the whole coal triu k bodily to a 
the most important of the bulk goods sufficient height by ti])s or hoists that 
handled, is dropped into railway trucks it empties itself down a slux^t. 
at the colliery from screening or But there is another method which 
picking madimery, which ps always at is wairth mentioning, though the cir- 

. ' 
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■ciiinst<uires drc not often in fcivoiir of 
its installation, and that is the loading 
of ^hips or b.iigos from elevated bunkers 
so that it can be lot out by gravity, 
no mechanieal devices being necessary, 
but what IS necessaiy and not often 
available is high ground in close 
proximity to the waterwav, so that 
trains of hopper wagons can let their 
coal out into the overhead bunkers and 
b'om tlK'H' mto^ the vessels As tlie 
state of the tide and the si/e of the 
vessels vary, and as coal cannot be 
dropped any distance without diminish- 
ing its value, some provision has been 
made by providing some bunkers, 
which terminate high ip), and others 
lower down. Other devices consist of 
lowering ‘shoots of a variety of types, 
one of which is shown in Fig. 37, an 
installation of the Link-Belt Co. on 


the pier of the Virginia Railroad Co. at 
Sewall's Point, Virginia, where 62 such 
adjustable coaling shoots are employed. 
The distinctive fcMture of this shoot 
is the vertically sliding hopper A witli 
its telescopic shoots permitting such 
adjustment as may be required for 
variatiorft of the tide and height of 
vessel, and preventing breakage by 
securing a slow continuous flow from 
the hopper to discharge shoot. The 
delivery is controlled by a regulating 
gate. 

A terminal station which receives 
the maj;erial in bulk on a railway 
sidiftg may sometimes consist of a 
mono-rail or telpher (according to the 
size of the establishment), the recep- 
tacles of which are on the same level 
las the truck bottom and which run 
parallel fqf some ten yards or so with 
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< the trucks, so that such goods as pig- 
irdn may be transferred by hand. 
One man can load 40 mono-rail cars 
y)er hour, or, say, |-ton. Telphers 
are larger and one would carry such 
a load or nuuT At the foundry or 


run out into tlie pit ; or, thirdly, the 
contents of the truck are emptied by a 
hydraulic ram or electrically/lliven 
winch, which lifts up one end of the 
truck by the axle, and on the door 
at the further end being opened the 
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factory the pigs are again removed by 
hand and stacked. A terminal arrange- 
ment of this description is only for 
such heavy loads as pig-iron, but, of 
course, it can be used, though not very 
economically, for coke and sand. By 


material runs out into the pit (see 
Fig. 38). The top of the pit is generally 
covered with a grating of fiat iron bars 
standing upright, so that very large 
lumps cannot fall through, and these 
are helped through by a tap with a 
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far the most usual terminal arrangement 
for coal, ore or grain, is a hopper- 
bottomed pit or track hopper between 
the rails, or often one extending some- 
what beyond the sides of the rails, 
into which the coal is shovelled 
in the old-fashioned way, involving an 
additional expense of from 3d. to 5d- 
per ton. If automatic hopper wagons 
are available, the bulk goods are simply 


4 

hammer. This precaution is taken to 
prevent the elevator winch receives the 
material from the hopper being choked 
by such large pieces. The mesh of the 
grating depends upon the si/.e of the 
buckets of the elevator, and these in 
turn depend upon the capacity of the 
whole plant. If, for instance, the capa- 
city is small, an elevator might be 
chosen which will take half-an-hour or 



more gradually to handle the ten tons 
whkh have been dumf)ed into the 
rcc(\dng pit If the plant is larger, a 
truck Iniglit be emptied every live 
minutes, in which casc^ the elevator has 
to have a capacity of lo tons m 
5 minutes, or 6o tons an hour, and 
such an elevator can naturally take 
much larger lumps. WJiere crushing 
rolls arc used before the coal enters 
the elevator, gratings over the pit are 
superfluous. The elevator then lifts 
the mat(*rial sufficiently high to feed 
it into a c^n\^^yer of some kind situated 
•at a higher level than the bunker, 
stock-heap, or other destination of the 
material. The length of this conveyer 
and, therefore, the choice of the most 
suitable type, depends upon the dis- 
tance of the terminal plant from the 
spot where unloading is to take place. 
The conveyiT may be erected on a 
slight upward gradient if delivery high 
up IS required. 

Terminal plant for the vaterside 
consists of a receiving tower with 
stationary winch, the simplest form 
being the mast and gaff ng, or of a 
transporter, cantilever or bridge crane, 
in conjunction with a travelling grab, 
or of a telpher and grab, oi it may 
consist of wdiat is gener.illy termed a 
“barge elevator,” i a bucket ele- 
vator which IS lowered into the vessel, 
when it acts like all othei eh'vators 
And lifts the material to its upper 


the ideal solution. The line can be so 
laid that it overhangs the ship, when 
the man from his cab low^ers the grab 
for its load, raises it, and follows the 
track of the rails, which may lead to 
a variety of positions by means of 
switches, so that th(‘ material can be 
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terminal, where it is delnered into 
some kind of continuous or inter- 
mittent conveyer and sent to its 
destination, as wath the terminal plant 
for railwiiy sidings. 

The employment of a light steel 
structure from which a man-telpher is 
suspended, is probably in most cases 


dumped on to a stock-pile, or taken 
intc^ til# boiler-h«''isc or some other 
auxiliarv coal store. Whcai the ter- 
minal plant IS not in use for unloading, 
the same installation can be used for 
replenishing the bunkers from the 
'stock-heap, as well as to convey manu- 
factured ^)ods back to the ship. 
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Fig shows a Tiaiijx^rk'v trans- 
porter fur unloading coal ships into a 
store on tlie (jiiav suh' d'his jdaiit is 
here ilhistratc'd more as an example 
of a watersidi' terminal installation, 
though it fiirnishes a fine exam])le of a 
coal-store, somewhat different from 
those pre\'iously described, being en- 
(dosed by substantial retaining walls 
The plant is the property of Messrs. 
I'raser cV White, at Kirtsmouth, the 
largi'st firm ot coal shippers and 
merchants on the south coast I'he 
capacity of the store is 15,000 tons 
when filhal to a si^rcharge of 6 ft 
d'he eiK'losing walls are of ceinfoiced 
concrete on the Kahn systiun, and of 
the cantile\’er buttress ty|)e The 
s[)ace so enclosed is 2^0 ft long by 
about 95 ft wide/ The rail-track for 
the two transporters is on the two 
longer walls. 'I'he span of the rail- 
track is about 95 ft., and the over- 
hanging portion is (ScS ft. The grab 
holds tons, and the maximum duty 
IS 65 tons per hour for (‘ach transpoiter. 
The speed of hoisting the full gral) is 
240 ft. per minute, and that of trans- 
porting it 900 ft. per minute, while 
the grab makes 40 to 50 trip^ per hour. 


leach transporter is manipulated by 
four electric motors , the one for 
hoisting is of 65 h.p., that for trans- 
porting 40 h.p , the one for moving 
the transporter bodily 15 h ]■>., while 
that for lifting the beam is of 10 h.p. 
This installation was fully described in 
En^ineff'uii; of July 2nd, 1915. 

It IS well to (Tcct such waterside 
terminal plant for a capacity of not 
less than 75 to 100 tons per hour m 
order to make it a commercial success, 
and for smaller demanrls run the 
installation less frequently. I'oi smaller 
duty, say 50 tons per hour and under, 
i locomotive crane with a grab is more 
economical Concerning barge’ eleva- 
tors, they are often attached to the 
factory building if it is close to the 
waterside. Such an elevator has af- 
readv been described, and is illustrated 
in k'lg 20. 'I'he subject having alreadv 
biHui de.dt with, it will sulhce to miai- 
tion here that the advantage ot barge 
elevators over grabs is that they are ('on- 
tinuous working instead of intermittent, 
and that if trimmers are n(‘cV*ssary in 
the barge, their occupation is less dan- 
gerous when feeding barge elevators 
than when trimmmg the coal' for grabs 
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THE MECHANICAL UuiPMENT 
\ OF BOILER-HOUSES. 

Trte deletion of the wheelbarnnv a> 
a facto*' in l)oiler-lu)nse economies, 
together with the Abolition of the 
antiquated methods as'^ociated with its 
use, have been followed by the intro- 
duction of well-designed coal and ash 
handling apparatus in #nanv of the 
leading boiler-houses The lesults 
obtained by the new plant have more 
than justihed the optimism which led 
to the innovation, not only in the 


^saving of* labour and the conseijuent 
‘reduction of fuel costs, but in the 
improved cleanliness and comfort 
thereby induced 


veyi'i'^- should be as simple and as , 
durable as practicable. They should 
run prefi'rably at a slow epeed to 
prolong the life and i educe maintenance 
expenses Thev should admit of the 
interchangeability of their parts, some 
of which should be kept in stock for 
immediate repairs, and it should be 
possible to vary their capacity m order 
to suit the requirements which may 
obtain at any time, and, above all, 
they should be as immune as possible 
from breakdown 

In boiler-houses all labour-saving 
additions will help on the country’s 
cause, from the small single elevator 
for feeding one or two boilers to the 
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file cost of running suitable con- 
\('vcrs in boiler-houses, including 
inti'i'isUon ('apital expenditure, attend- 
ance. oil, motive power, depreciation 
ami repairs, should work out at a 
faiu tion of a peifUy per ton. It ha- 
bt cn estimated that in conveying and 
eU'vat’mg coal at the rate of 40 tons 
piT hour to a height of 40 fb, 10 hours 
per day, with a judicious expenditure 
of {r.ooo for the plant, the cost of 
handling coal should not exceed one- 
ha lfpenn^’•per ton, allowing for interest 
on capital expenditure, attendance, 
etc 

The gene^'al construction of the con- 


largi' and complex plant of gravitv 
bucki't, l^elt, aiKl chain conveym's, 
destined to save the work of hundrefls 
of men The economy of a boilcr- 
hous(' depends hrstly upon the me- 
chanical methods by •which the coal is 
brought to the boilers and the ashes 
taken away from the boilers ; and. 
secondly, upon the mechanical stokers 
whicii fe^'d the b Ter furnaces with 
coal. 

A great deal has already been said 
concerning the mechanical equipment 
for getting coal into boiler-houses and 
particularly into overlu'ad bunkers, 
and also eSneerning the treatment of 
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ashes, so that we need only show and 
describe a few typical installations to 
give a complete picture of what a 
modern boiler-house should be like. 
In doing so we must include the 
bunkers in order that the equipment 
may be complete, but before doing so 
we will summarise the best methods 
of handling coal and ashes under a few 
abnormal conditions. 

When it is required to install coal- 
liandhng equipment in an existing 
boiler-lioiise where roof trusses are too 
low to admit of the installation of coal 
bunkers over a range of boilers, we 
recommend one or two larger bunkers 
at one end, or in the middle of the 
building, with a " larry ” or a travel- 
ling hopper on overhead rails, to haul 
the coal to the boilers. This appliance 
is usually motor driven and can be 
arranged to measure or weigh the coal. 
Tlu* advantages of this system o\’ei 
separate shoots from bunkers to the 
stokers are, hrstly, that the coal fn-m 
the main bunker can be taken to any 
one boiler, while in the other case only 
the coal in the bunker over or oppo- 
site each boiler is available for it ; 
secondl}', it weighs and records all coal 
burnt , and, thirdly, it is less expensive. 

When handling ashes, it may be that 
a tunnel or basement is impossible or 
impracticable (a tunnel being necessary 
for a suction or car and skip system), 
in which case a push-plate or a drag 
conveyer in conjunction with a bucket 
elevator is recommended. Surh plant 
will handle up to 20 tons per hour, and 
will reijuire only 3 h p. for every 
100 ft. of length . the first cost and 
repairs are low. the shallow trenenes 
for their reception are simple and 
accessible, and as the plant can be 
run continuously^ at a slow speed, it 
requires a minimum of labour. 

Coal bunkers vary very much in 
shape, size, the material from which 
they are made, and the p(\siti(j)n in 
which they are placed We will only 
consider those suspended above the 
boilers, as those placed hnver down 
cannot be recommended as the most 
economical. In some of the earlie. 
bunkers the leading idea \Nas to make 


them as lar^^e as possible, and so 
dispense with a separate main stock 
outside the boiler-house, but .^uch 
elevated bunkers of large dimensions 
necessitate very strong foundations, 
and therefore make the whole of the 
boiler-house structure more expensive* 
We w.ll therefore eliminate them here 
and deal oply witli such bunkers 
holding about a week's supply. As to 
shape, <qua^e hopper-bottomed bunkers 
are used, sometimes only one or two 



for supplying a range of boilers (by a 
“larry” or conveyer), or more often in 
an unbroken series with one hopper- 
bottomed outlet over each boiler. Ci 
the first instance the bunker or bunkers 
are located close to the receiving eleva- 
tor and a conveyer just below the outlet 
may distribute the coal In the latter 
case the conveyer from the elevator 
runs along the top of the bunkers, 
depositing its load into them. Such 
square bunkCrs have sometimes been 
made of timber, but now are nearly 
always of steel. Sometimes, large cylin- 


42 









drical bunkers with conical hoppered 
bottoms are used as mom bunkers, 
distributing:^ the coal like those ]ust 
described over a range of boilers by a 
conveyer, or for a double range of 
boilers the same is carried out in 
duplicate. The most usual form of 
bunkers in a modern boiler-house is a 
continuous V-shaped trough, the lower 
end being rounded more like the 
letter (see log. 40). The bunkers 
may have partitions in them, and they 
all have outlets with slides to corre- 
spond with each boiler. They are gener- 
ally called “ Self-cleaning suspension 
bunkers,” and are likely to be uni- 
versally used in the future. The con- 
struction IS simple From two main 
supporting girders steel straps are 
suspended at close and regular inter- 
vals, and they are covered inside with 
steel plates, so that the straps support 
the full w’oight of the bunker and its 
contents. As the w-ear by corrosion is 
somewhat high, they have been either 
concrete lined or w^holly made of ferro- 
concrete. The latter are all but in- 
destructible, but the reinforcement 
mu^t be of large section 
The boiler-house of the Electricity 
Station at Southend-on-Sea* is shown 
m Fig. 41. The elevator and the 
U-link conveyer shown in the illustra- 
tion have already been illustrated to a 
larger scale m Figs. 18 and 19. The 
mechanical e(|uipment is by Ed. Bennis 
Co , Ltd. The storage capacity of 
the bunkers is 500 tons The coal is 
brought m carts and dumped into the 
receiving hopper, wFich is below the 
ground level. The elevator i'i fed from 
this hopper ])y gravity through a 
Bennis rotary safety feeder, which 
ensures a regular supply to the ele- 
vator buckets and prevents any undue 
rush wdiich might choke and jam the 
elevator. The elevator is yo ft. long, 
has a capacity of 20 tons per hour, 
and is driven by an electric? motor. 
The U-hnk conveyer which feeds the 
bunkers takes the coal from the ele- 
vator, and extends the whole length 


of the boilej^hoijse, about 106 ft. 
The bunkers are carried on twelve 
stanchions of steel joists 27 ft. long, 
resting on concrete foundations. 

The Metropolitan Electric Supply 
Company have a fine installation, a 
general view of which is showai m 
Fig. 42 and a j)lan m Fig. 43. The 
installation i§ built to handle 60 to 
80 tons of small coal per hour from 
the railw^ay truck to the boiler-house. 
The terminal plant consists of two 
tijiplers which revolve the* railway 
truck bodily, so that its*cofttents fall 
into the large hopper, from whence it*' 
passes by a U-hnk conveyer 38 ft. 
long up an incline to the mam elevator 
lob ft. long, which is also of the 
U-link pattern, the incline being 30'" 
and the rise above the ground 40 ft. 
The advantages of these revolving 
tipplers over the end tip are that the 
truck empties more completely and 
without assistance by hand, and also 
that trucks without hinged end doors 
can be used. At its upper terminal 
the mam elevator delivers into a third 
U-lmk conveyer running the full length 
of the boiler-house, about 400 ft., 
feeding the overhead bunkers. The 
conveyers are all 15 ms. wade by 
8 iiH. deep, the U-liuks arc ol 2]: ms. 
bv \ in. hats, <ind have a pitch of 
12 ms. They are secured at tlie 
joints by '< in. rivets nnd weighers. 
Th(‘ material used foi the links is 
Siemens-^Iartm acid steel ot a tensile 
strength of from 28 to 32 ton^ j)er 
S(juare inch, with an elongation of 
20 jxT cent 111 8 ins. The trough is of 
cast iron in, thick at tlie sides and 
I in. at the liase. The boilers, arc all 
fitted with Bennis automatic coking 
stokers, and one man can comfortably 
look after six of tke stolcers. 
expenditure of driving pcAver is 25 h p. 
from the rei caving hopjKT to the 
bunkers. 

Follriwing upon these two line exam- 
ples of boiler-houses at lh)mt, the 
writer has been j)crmitted by the 1 ^. H. 
Beaumont Co., of ^hilade^:)hia, to 
illustrate a number of installations 
executed by them, showing the gieat 
variety of the applications, to wdiich 
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•the diflerent apjdrnices have been 
employed in the Ihiited States. 

A coal store adjacent to a boiler- 
house of the U.S. Naval Mr*dical School 
Hospital at Washington is illustrate:! 
in Fig. ^4. A V-bucket elevator docs 
duty here as a convex er m its hori- 
zontal path in the higher regions of 
the store. The xery same plant will 
suit a range of bunkers over boilers 
e(|uallv well 

The Nortliern Indiana Gas and 
Flectric C'o., Fast Chicago, Ind , emplov 
th(' same type of \'-bu' ket elevatoi 
and a push-plate caatveyer at right 
angles to it to feed the lumkcrs over 
two ranges ol boileis (sc'c Fig. 45). 
The coal is received by railway trucks, 
dis(diarged into a track Impper, and 
thence into the elevator well. The 
ashe^ are collected by tip car and lifted 
to the a^h bunker by skip hoist. 
Th(' ash bunker is so placed that the 
empty coal trucks can receive the 
ashes. 

The Ludlow Manufacturing Asso- 
ciates, Ludlow, Mass , employ push- 
plate or flight conveyers for the 
comC'ined purpose of conveving and 
elevating the coal, while the ashes arc 
handled by the pneumatic suction 
system see Fig. 4b, 

A very interesting plant is that of 
the New York and Pennsylvania Paper 
Co , Willsboro’, N.^'. (Fig. 47). It 
shows how the undulations of the 
ground can be turned into account, in 
using the hillside as an automatically 
S'di-emptx'ing coal store, the only 
expense being a substantial retaining 
wall. 

It IS instructive to see in, Fig 48 
how an apparent mistake in tlie 
(uiginal lay(jut of a power plant can 
be rectihed. The plant is that of the 
A. M. Collins Manufacturing Co , 
Pliiladelphia. The coal has here to be 
taken from the railway siding across 
the factory building to the coal st(me 
and boiler-house in the rear. ‘Pei^g a 
comparatively small plant, the coal is 
handled by three 12 in. worm con- 
veytTs. The one in the boiler-house 
is shown m end view. An ordinary 
bucket elevator located between the * 


mill and the bliler-house lift» the coal 
from the firs/ to the second worm 
conveyer. / 

Another difficult proposition is sllbwn 
in Fig. 49, the Lxiiler-house, of the 
Baldwin Locomutivc Works, Phila- 
delphia. The illustration shows the 
solution of the difficulty of handling 
the coal by telpher. The boiler room 
IS on the grouncl floor of a four-storey 
shop, and lack of head room prevented 
the adoption of overliead bunkers. 
Ihe coal is delivered from railway 
trucks via a coal breaker and band 
conveyer into a ]ut witfi T loo-ton 
capacity. The grab manipulated by 
the telpher takes the coal from thi^ pit 
and feeds the stokers, the Littei having 
a high front so that sufficient coal for 
24 hours run may be piled on each 
stoker. The ashes are again here 
disposed of by the tip car and skip 
hoist, the latter manipulated by a 
pneumatic cylinder and plungci. 

Two plants in which both coal and 
ashes are handled entir(dy by loco- 
motive ciane and grab are shown in 
lugs. 50 and 51. 

A boilerdiouse installation with an 
independent steei structure carrying 
an ash bunker fed by tip car and skip 
hoist is showm in big. 52. 

The economy of small elevators for 
feeding the hoppers of machine stokers 
with coal, and acting independently, is 
now fully recognised by those who 
have made a careful study of the wxays 
and means of reducing boiler-house 
costs The needs of small boiler-houses 
and the possibilities of effecting c'cono- 
mies by means of small elewitors, in 
corn, unction with wiT -designed stokers, 
has been overlooked until recently, yet 
Great Britain’s industiies are made up 
of thousands of simiL works, mills, 
factories, etc., owned* by small capi*- 
talists, to whom the study of eccaiomy 
in them own bo’ler-houses is all- 
important. If we show each proprietor 
how to make i lb. of coal do tlie work 
of two, how' to get the coai from the 
barge or the truck to the boiler furnace 
at a quartei ot the cost now tincurred, 
and convince him that instead of 
paying for manual labour to remove 
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‘the ashes trom the furnace, he can offered by the'^maniifactiirer labour' 
automatically remove them at pracii- saving machvhery who has, maybe, 
cally no cost at all, he should not be spent a lifetime in the study of such 
slow to avail himself of the advantage problems. Where boiler-houses* are 




smaJJ, or' by n'nson ol 'Uicir arrange- 
ment an elevating and cMiveying plant 
cannot tonveniently be put down, the 
employment of small elevators is 
strongly ‘advocated. One elevator to 
each boiler, or one to every two boilers, 
may be desirable. Fig. 53 shows such 
an installation by Fd. Hennis iv Co , 
Ltd , where each boiler witli its stokers 
is f(vl from a separate sifial) elex^ator 
One such elevator can be inslalled for 
about f(n), wliH li » an elfect a ^a\’ing 
of /30 p(;r a' mum, or 50 per cent on 
the outl.iv^ ^Mg. 5.( sliows an (‘levator 
pu the sam(“ id('a in front side 


elevation. A h'w concrete instances 
will serve to point the assertion. The 
first to which attention may be directed 
IS that of an elevator to feed a single 
boiler in a boilerdioi^e at ^t. Paul’s 
Mill, Hoddlesden, near Darwen, in 
Lancashire. Th<‘ available sj)ace was 
too restricted to peanut of any coal 
storage' Previous to tlu' erection of 
the (.'L'vator, and while the hand firing 
system warn m vogiu', the mills were 
much jiressed foi steam. During the 
wmt(‘r months it recjuiied the lu'lp of 
an additional fire'imm to ensure a 
sufficient supply of steam, and this m 








stoker was to nm.tlic extra tappme 
mad, me easily and inaterially to in 

boir" ‘"T, '"■!<>' the 

P or to r‘* ‘"‘■"'•'"'"S '-''al h.ll, 

m .os‘ / ‘■'‘•’vator 

n ‘ 'Joiler-honse was 

possible. The installation of the ele' 
vator has, hoHover, made ,t U e 

to store tu|& or three loads of'coal 
the boiler-house, at the same t,me 


OK u„„K.s. 


^oepnift .1 wholcscmielv elean The 
eleva/or ,s ‘capahle of lifting 2 tons 
PJ'i- hour, and by its nse tV- boiler 
pant ,s rendered almost antomallc 
with the con.s..,]n,.nt saving of labm.; 

oKit:d'n;''am:;^:^,;^,;;,.;';j 
memisv'’*^’ ^"'’1-'’'“'' '^y 

PTir;:,-™""'- 

•d third elevator feeds the coal to the 




stokers of three boilers. By means ol 
a ciit-olf door the supply can be regu- 
lated from the full capacity of the 
elevator to a few pounds. 

In larger installations conveyers are 
necessary, as we have seen, to dis- 
tribute the coal from a main elevator 
over a range of boilers. All chain 
types of conveyers are used for this, 
and especially the U-link type. Its 
economy may be gauged from the 
following In the City Road Stahon 


ol the County of London Elec trie Light 
Co , which generates many million 
units per annum, by the old wheel- 
barrow s\stem of unloading the cost 
to deliver the <;oal from the' barge to 
the boiler-house floor was is per ton 
and if it had been carried to the bunker 
room it probably would have been 
2 s. Since the laying down of the 
elevating and conveying plant the cost 
is easily covered by 5d. per ton, in- 
cluding delivery into the blinkers and 
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the additional eost of water supplied 01 the eontinuoiis eoiucyeis, tin' 

from the hydraulic powcT mams used rdmk is the best, hut ioi such a duty 

by the crane for unloadinj^ the coal. its hh' is Init shoit d'lie tioii^h, 

One man attends the hydraulic crane, thouiih ot tlu' h.iidest c.ist iron and 

does all th(‘ work t(# tlu‘ convi'ver j m thick, will we.ir thioii^h, d 

plant, i^u'cases the bearm^^s, and otlua'- constantly m use loi ay hours per da\’, 

vvase looks after the entirt' app.iratus, m two or three \ (mis, .md ,is tlu' (roiii;li 

and is nev’er uncomfortably pushed is made' m l(‘n,i;th- ol lo It , one oi two 
The seyen coal bunkers ^ which form siudi kapi^tlis ( .m be ie|)la('(’d .it a time, 

part of the eipiipment haye a total The chain will last about loin \'('ars 

('apacity of oyer r,ooo tons liach betou' it luis to b(' sc tapped It h.is 

( ()nve\a'r -there arc' sc‘\’ei.d - can bt' bc'cn mc'mioned e.ii lic'i tint aslic's can 

run m(U'i^end('ntly, or all may run be lenioyc'd i)\' grab. This nu-tliod 

togethei • • is c)nl\' n'c ommeiKk'd wlu'ie .1 ,i.;rab is 

l^erha])s it will be as well to men iisc'd lot handling ('o.il ac the' s.inic> 
tioii while dealing with boiler-houses boiler-hoiisc.', Tlu' <ishes ma\ then be 

that the jineimnitic handling of ashes caiiscal (o c'oih'c't b\ gg.ixity or short 

does not, .is a ruk', p.in out ei'o- (onve\eis into one or mori' iindi'i- 

nomic.dl\’ unless the installation is lor giound pit^, fiom when' tlu' gi.d) can 

about i,()oo h.]). and o\’er. An\' ol ienio\ <' thi'in a^ mteixals (sc'c' h'lg^ 50 

the otlii'i ‘W'^tenis which ha\(' Ix'eii .md ^i). 

desc'iibed will do lor sinallei plants. Mr. t'kiK'iKe C'o.ipes Brmh'x, m a 
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most iiiti'R'stinL: and insti iK to c <nti(!(‘ 
in 'The I\}i<^i}U’cn}i^ Ma^azi:\' oi S(‘p- 
tembiM', i()i3, f4i\’t‘s fioiiK^s ot tlu* actual 
sa\'in/^ in labour in ( crtain po'vta 
houses <ifter the modern tapiijiment 
had bei'ii mstall('(l, and as it is b\’ no 
means eas\' to obtain siK'h information, 
we ^i\’e as follows an abstivu't of what 
he m \ s 

The ])ow'er plant of Riverside and 
Dan ]\i\'er Cotton Mills at Danville, 
Virpunia, has un'entlv l)cen entin'ly 
e modeled Oiiymally nine men weie 
employed to haul the coal to the boiler 
room, and twenty-six men to fire the 
boilers and remove the askes.* This 
meant the expenditure of .1)5y.oo piu' 
day for labour. Since remodi'llinpy the 
plant IS being run by ten men at a 
cost of Si 7. 00 for labour per day, a 
saving of S42 00 (over £8) per day. * 

The plant of the H.** F. Watson 
Cornpany at Erie, Pennsylvania, shows 


simil.u results 1dus jilant of 2,joo 
h |) une(|uipped r(‘(|uired twent\' (‘ight 
men to o])erat(' for a 24 lioui run, 
w'hile the same pl.mt, but mcreasc'd to 
3,100 h p. and ronij'ihdely (‘(]uip])ed 
Willi handling machiiK'ry, is now^ at- 
tend(M by five nuMi, thri'e on tlu' day 
shift and tw'o at night 

Hut the value of iiK'r hameabhandlmg 
equipment is not to be mi'asured by 
the saving m wngi's only The ipies- 
tion before the ste.An producer to-^.ay 
IS whether Ins plant is more ef'onomical, 
more reliable, and easier to manage, 
wOieii attended by a large force of 
poorly paid, unskilled, and unreliable 
coal-hea\'ers, or by a small number of 
intelligent, well-paid, skilled workmen, 
operating an equipment w'hich is the 
result of years of engineering experi- 
ence. 

The following comparision will give 
the reader a reasonably clear idea of 


54 






the relative cost of the 
various types of con- 
veyer suitable for boiler- 
hoLisi's. 'Die proposition 
is in each case for hand- 
ling 50 tons ol coal jx-i 
hour 50 It vi'i'tically and 
100 ft. hoii/a)ntall\ 

1’he gravity buckid 
conveyer, including track 
hoppei , feediM' and sup- 
ports, v'uiild cost about 
go, and would recjuire 
15 h ]) to drive 
A biK kc't (‘levator and 
band (oina^yei would 
cost about Ajoo, and 
WT)uld re([iure 10 li p. 

AiK.l tlic' ('oinbination 
of a liiicket eh'valor and 
a pusli-])lat(' ('oiu'eyer 
W'ould cost about (.700, 
and rec|Uiie also, say, 

10 li j) to driN’c. 

A (eeder waiuld, of 
coinsc', not be n('cessar\’ 
exct‘])t toi tlu' giavity 
buck(‘t sclu'ine, and any 
of the systems could be 
opc'ratc'd by one man 
A mast .met gall iig 
w’lth a Hunt raihvay on the s.ime 
basis would cost about / 1,500 to in- 
stall, and reepnre two men to wairk it. 

PNEUMATIC ASH CONVEYERS. 

Pneumatic ash conveyeis in con- 
nection wath boiler-houses are built as 
a speciality 111 this country by Bab- 
cock A" W'llcijx, Ltd.* and Ed Hennis 
A Co., Ltd., and although Ve have 
already dealt at some length wath 
this subjc'ct as a whole, \xc c.mnot 
refrain Irom again referring to such 
installations before concluding the 
subject of the mechanical equip- 
ment of boik'r-houses, on account of 
the extended use of such pneumatic 
plant over a wider i.iiige ol us(*lul- 
nt'ss The priiu iple is, of course, 
the same, and neecls here no further 
elucidation, while the devi'lopinent of 
the (.^ssential details of the system as 
now' advcjcated by Ed Benins cS: Co., 


Ltd , make such an installation apjilic' 
able not onlv to the handling of ashes, 
but <ilso lor the cleaning of th(‘ main 
flues up to their entrance into the 
chimney, cleaning out pits alongsuh' 
and the spaia* and chambeis beneath 
ecoiKJinisers wuthout the attendant 
having to enter the latter cliamb(*r. 

1'he pipes for thesi' auxiliary jjur- 
poses can be kept entirely sc^:>arate 
from th(‘ mam ash pipes, or can be 
joined to them as desired. These pipes 
an' laid 111 the cleanimpout jiits along- 
side the economisers and pass into the 
main flues at the entrance to the 
chimney. The remaining portions of 
the ])ipes may be cxirried m trenches 
below the ground, or Ix' hxed m any 
convenient way above ground until 
they join the ash mams or the ash 
receiving hopper, as the* case may be. 
With these auxiliary mains and their 
hexible branches the dust i^ removed 









from beneath tlu' economisers. Only 
one or two such flexible' branches are 
lU'cessarv for the' installation, as they 
can be chan^^ed from place to place' 
and ht ejiiite' a number of branch 
attachments h^ach flexible branch is 
provideel with a “ He'imis ” pate'iit 
lance, so that the suction emd can be 
inserteal into the chamber beneath the 
e'conomiser. The mam flues are 
ck'aneal out hy similar fh'xible braiieh 
siK'tion pipe's. A spe'cial feature of the 
siictiein nozzles is tlieur immunitv freim 
e'heikm^^ e'\’e'n if ])hin^u'el mte) a larp^e 
heap of flue ehist h'l^^s 55 and ^() 
sheiw nu'n usiiif^ tlu'se* flexible branch 
Pifies 

A fe'w mam fe'alures eif the' He-nnis 
s\’stean are weertli re'ceerdmjL; The' <ish 
])i])e e)]' mam is see aiiaiif^eel that an 
intake' witli air cut-eifl is plaeeel m 
Iront e)f e'aeii boiler flue', whie'h e'eim- 
miinie'ates with a small hoppe'r ce)\'ereel 
with a ^lilting, w’hich latter the' .ishe's 
anel clinke'is must ])ass. 'I'Ik' jeipes 
aie' e)f cast iron, wath llaiif^e'd enels anel 
joints, and can be' arianj^u'e! te) icst 
e'lther ein the' be)tte>m eef the blow-e>rt 
tre'iich or on jiilkirs built mte) the' 
tre'iich He'iiels m these' nuiins are 
a\'e)ide'el as much as peissible, <mel with 
the fe'w which aie' indispe'iisable' anijih' 
pre)visi()n is maele te) le'jilae'e' the' e'xtra 
wear at tlie'se j^eeints e'.isil\' ,iuel expe'- 
ditie)iisly i lanelhe)le's with aiitit^ht 
doors ai(' lui thermoie' ])i o\ leh'el, so 
that an\' eebstrue tion ae ciek'iith' le)el^e'el 
in the'se bends may be' re'me)\’e'el 

The e'levateel ash bunkers are e)f the' 
usual c)'hnehical type with eaeincal 
e'xtremities, and are* built e)f mikl stce*! 
plate's hne'd W'lth eeeiicrete eer brie'k- 
work, w’ith anj:,de' ireui nn^s ])laced 
insiek* the tank te) suppeirt the* Iniinj^^ 
dhe' upj^er ce)ne, e)f ceeiirse, je)ins, as 
usual, the* .isli main, while tile k)W'er 
one is htte'd with a pate'nteal balanced 
elischarge \ad\'e', w’hie h alknvs of any 
re'quireel quantity bem^ immediately 
delivered into the railway truck e)r cart 
placed underneath A water spray is 
provided inside the upper ceined peirtion 
of the ash receiver, and a patent water ^ 
sealed pipe is taken from the lower 
portion of the ash receiver into a 


“ sump " to get rid of any excess 
w'ater which may have been put into 
the ash receiver. 

A foul air pipe is connected to 
tlu' top of the ash receivei to carry 
the air to the patent cleaner, 
winch ('onsists of a waiter sealed x'essel 
filled with rows of water-sjirayed 
bafflers wiiich catch any dust or fine 
particles winch might otherwise be 
cairu'd into th(' exhauster The large 
w'at('r seal at the lower end of the 
ck'aiier acts as a saft'ty valve m cas(' 
of undue pressuie or t'xflau^t 111 the 
apparatus The exhauster is of the 
rotary blower type and of ampk* 
c.ipacity to maintain a sufficient vacuum 
for the c.ijiacity of the plant 

kig 37 shows a portion of oik* of 
the ash suction plants recx'iitly vrvi t('d 
by Mc'ssis Bennis m a factory fni the 
manuf.icture of high explosives 

MECHANICAL OR AUTOMATIC 
STOKERS. 

No modi'rn boik'r-house installation 
can b(' pronounc('d ( ompk'te without 
mechauK .d stokeis, and (on\’eis('lv 
the mi'chanical stoker cannot be used 
toitsb('st ad\'anlag(' as a labour-sa\ mg 
machiiK' unless it works m con | unc- 
tion with a me{ hanical ecpiipment. 

Intermittent k'c'dmg ol a furnace 
(as doiK' by hand) cannot la* pro- 
noun(('d scn'iitifu , siiui' combustion is 
not intermit tc'iit but continuous. 

TheoiX'tically the liu'l should be le- 
pl(*nish('d at ila* same rate at winch 
it is (onsunu'd. Wi' find an ilhistia- 
tion of this in our (kanestic lu'arth, 
wiiere w'e f('('d the fiia* mtei mittently, 
and we tlu'refore {*xj)erience a ])eriod 
w'hen th(' hre has just bec'ii made 
U]), wiien it is black and we get but 
littk' heat from it. ‘ iiu'n comes a 
period wiien it gets too hot, and fimdly 
it lacks m shedding comfort by getting 
too lowg and at this period we add 
more coal, and repeat the operation 
over and over again. Jf we would 
care to take the trouble to put on a 
small amount of coal frequently and 
regularly we would have a fire gi\’mg 
continuous and uniform heat, and we 
would expend our fuel t(' tlu* best 
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Plate Vll 



Coal Elevators and Mechanical Stokers at the Coventry Corporation Electricity Works. 
Erected by Messrs. Ed. BenniS & Co , LTD., Little Hulton. 




cidwintcii^c 111 the (lonu'stK' luMrtli 
tills iiia\' b(' more trouble tli.m it is 
^^oltll, l)ut with a ])ow'Ci plant w’h(‘ie 
W’e burn tons inste.id ol pounds it 
IS altogethei dilleR'iit and \erv well 
worth wink', for wdiat is a nu're dis- 
comfort to us at home is a financi.il 
loss to us in business A nu>- 

chaidcal stokiu' will feed the fuel at 
the same rate at which it is consumed. 

ddu' .idwinta^^es of tlu' mechanical 
stoker o\'('r hand-hrm^.^ arc', a saving 
m laboiii, a sa\ mg of fioni to to 20 
pc'r cent m fuel, a moic' pc'ilc'ct com- 
bustion of the fuel and therefcarc' 
mcreasc'd boilc'r capacity and a more 
or less smokelc'ss chimnc'V, and a 
greatfir f.icihtv to rc'gulate the coal 
consumption 111 acc'ordance wath the 
demand on the boiler The greatest 
♦saving in laboiH’ can only bc' rcedised 
m boiler-houses so ecpiipped that the 
coal drops automatically into the 
hopper of the stoker, and then one 
man can look after such an installation 
for 5,000 to 6,000 h p., or ten times 
more than he can attend to by hand- 
hrmg. ^With a mechanical stoker and 
low' grade coal an efficiency can be 
obtained as high as by hand-firing • 
with a .better grade of coal. The 
fact that with mechanical stokers the 
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lire doors nc'c'd not be* opc'Ued ewe ry 
fc'W' minutes, niakc's it possible to h.nc' 
.111 evc'ii and constant air sujiph , and 
thc' ic'giilar and contmuons leedmg 
c'lisurc's the elliciencv oi the- caiiisump- 
tion of the c'o.d and .1 conijT'tc' com- 
bustion o( the' lixc'd cMibon A jiei lect 
c'ombustion spcTs c'c oilcan. \ <md .i 
smokelc'Ss chimnc'w as theie ,iic' a^ 
man\' hc'.it units m the' volatil'- m.ittei 
of ('<)mbusti()n .is m tlic' lived c.aibon, 
and sniokc' is nothing Ic'ss tlkUi h\diu- 
caibon g.is, 01 fu'c' (xubon, escaping 
not onl\’ w.isted but constituting a 
nuis.mce as well, a lavishncss loi 
wTicli no oiU' has vc't rc'cc'ived a word 
ol thanks Sue iT vol.itilc' matter niiRt 
iR' passc'd through the* incandc'sc en* 
fuel on the grate or be mixed v, ilh 
a proportionate* amount of heated air 
until it lias bee'll c'onsumed, if full 
benefit is to be dc'iived therc'froin 
All this can bc' .iclnevc'd to a great c'r 
or lesser degree by a w'ell designc'd 
mechaijical stokc'i. 

THE SPRINKLER. COKING. AND 
CHAIN & UNDER-FEED STOKERS. 

The four piincipal types ol stokers 
are the following • —I. The Sprinkler 
type; IT The Coking t\'pe ; Jll The 
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Cham or Travellmc; Grate type ; and 
The Underfeed type 
77/r Sprinkler Slokcr throws a small 
quantity of coal ad [re(jnent intervals 
over the ^naitc siirfa('(‘. A piafcct 
sprinkUa stoker affords a regular out- 


stoker is the sell-eleaning compressed 
air furnare, wdneh jirevents chnkermg, 
and ensures (diMii hre-l)<irs 

With the ('okin^ Slokcr the^eoil is 
fed gradually anci at r(‘gular intc'rvaK 
bv I ('( ipnx'atmg teedi'r rams to the 
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])ut of steam imdc the most tiving 
conditions, and its tlcxibihty by adpist- 
ment p'Tinits a ia])id i espouse to 
urgent deniancb for incnMsc'd steam 
Minimum labour costs, low lind bills 
and smokelessness are a h‘w of the 
leading advantages that accrue where 
the sprinkler stoker is m ojieration 
The fuel fed into the hopper of the 
B(*nnis sprinkler stoker (h'lg 5S) is 
led tn the front of tla* ])usher-plate 
where it is evenly piishi'd o\’er a ledge 
formed by the base of the^iia'din^^ 
box The weight of fuel pushed is 
regulated, the fuel biang deposited 
on to a flat plate called the sliovid 
box, and then projectial into the hie 
at intervals by an angular sho\el 
actuated by patent pnemmitic gear 
and effectuallv scattered ovi'r dillerent 
portions of tlie grate whi-re «and as 
the fire reipiires it The jmeiimatic 
gear actuating tlu* shocad, which in- 
cludes ,m air cushion to obviati' the 
possibiht\' of shock or jar on the boiler 
front, IS noiseless m operation 

An ii]tegral portion of the^ sjmmkler 
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Iront edge of tlii' fuinaci*. where the 
('oal IS coked, d'he gases whie h escape 
by this piocess mix with the proper 
amount of air and move over the 
incandesiamt luel and are consumed 
before' h'avmg the combustion ci^hamber, 
while the ('oked coal is advanced by 
till' fresh coal and completes its com- 
bustion on the grate until 4111 ' fixed 



carbon is consumed, and the aslies are 
deposited at the back of the grate. 
This piaicess may be assisted by a 
travelling or chain grate. 

The (Ssential differ^mce between the 
sprinkler and the coking types is that 
111 the latter the combustion of the 
volatile hydrocarbons IS effected "at a 
dilferent portion of the' grate surface 
from tlu' comliustion *ot th(‘ fixi^d 
carbon or coke An independent air 
siippK' is sometimes jiroxadt'd tor the 
combustion of cMch portion of the 
fuel, lii C(J<ing stokiTs. as we hav(' 
seen, tht‘ fuel is geneialh’ h'd on to 
the front of a moving giat(\ the 
volatile portion being expc'lhal and 
burnt whilst the n'mamdt'r is Ixang 
con\’(‘\’(‘d towards tlu' bai'k ol tlu' 
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lire by the movement of the gratt* 
surface. The incombiistibh' portion of 
the fuel (ash) is dropped into a chamber 
behind the grate. The movement of 
the grate surface may be na'iprocatmg 
or it may be a continuous mo\'ement 
backwards. 

The relative advantages of these 
two types of mechanical stoker dejiend 
fargely on the class ot fuel to be burnt ; 
but it is generally agreed that stokers 
of the sprinkler type wall usually 
generate more steam from a given 
boiler and with at least equal elhciency. 
On the other hand, machines of the 
coking type can be worked smoke- 
lessly wi 1 :h less skill on the hreman’s 
part than is needl'd bv sprinkler 
machines.^ 


The Chain or i' ravelling Crate Stoker 
consists of a coking stoker in con- 
junction with an endless tle.xible band 
wdiich slowly revolvi's towards the 
back of the grate, moving the coal 
through the various stages of com- 
bustion until the aslu's .iri' rc'jected 
.it the b.ick It foims a conqilete 
unit and may be entirely n'lnov’ed 
if repairs are needed. 

In lugs, 5 () and bo tlu' (‘lass " A " 
tra\’elhng grate stoker ot tlii' I'lider- 
f('('d Stoker Co , Ltd , is ri'p^’scnted 
111 longitudinal and (loss si'ction A 
is the air chambi'r and H tlu' ash 
con\’{'\('r but the ashi's can ecpially 
well be dropped at the b.ick of tlu' 
grate, when no (oinawer is lu'eded 
but meri'lv a hoj)[)('i (', 1 ) and If 

are air diu ts 

The Underfeed Stoker leipiires th.it 
the new ('oal be Ion ed underne.ith 
the alreadv mcandi'si'eiit fuel Jb're 
the coking pnx ess t.ilo's jil.ice and 
th(' gases ])ins through the incan- 
descent fuel and an^ consumed beton' 
lc'.i\’ing it. lug ()i gixi's a \ eiy goixl 
idi'a ot the jiimciple, w'hich is liowevc'r 
iiKxhhed in tlx' Class “ If ” stokc'r to 
be descnlied lati'i*. 

This important siibji'i t. one' ol tlii' 
princip.d ones in boih'r-house e('onomy, 
cannot hc're, for w.mt ot spuce, rc'ceivc' 
the close' .ittention which it dc'serves, 
and w(' can only gi\'e siillicient in- 
lormation to drive the fact home to 
stc'am-users that mecdiamcal stokers 
should be installed now to nqdace 
hand-firing. The principal makers m 
this country of the difterent types of 
stoker are The Sprinkler Stoker . 
Ifd Bentiis S: Co , Ltd , Meldrums 
Ltd., J. Proctor, Ltd , and the Triumph 
Stoker, Ltd The Coking Stoker : Ed. 
Bennis cS: Co., Ltd., J. Hodgkmson, 
Ltd., Meldrums Ltd., J. Proctor, Ltd . 
and T. & T. Vicars Hie Cham or 
Travelling Grate Stoker . Babcock & 
Wilcox, Ltd., Ed. Benms & Co., Ltd., 
and thef Underfeed Stoker Co , Ltd. 
The Underfeed Stoker : Underfeed 
Stoker Co.. Ltd., and Erith's Engineer- 
ing Co., Ltd. Most of these stokers 
.are well known and have been re- 
peatedly described and illustrated, so 



tfiat we will omit ck'tails ol at least 
the sprinkler and coking types. 

The specific conditions for which 
the different types of mechanical stoker 
are most serviceable are, for burning 
low grade coal and for high duty the 
sprinkler and particularly the under- 
teed stokers can be recommended, 
h'or smokeless chimneys, moderately 
good coal, and low duty, the coking 
stokei is liest, -and ioi water-tube 
and leturn-tube boileis tlu' chain or 
tr<i\(‘llmg giMt(' stoker should be used. 

(OiKerning the peculiarities of me- 
(Tanusd stokers, it may be mentioned 
th.it the undeiieed stoki'is are not all 
s('l(-('l('anmg and those that are not 


I 

type of the l-nderfeed Stoker Co 
In this stoker the coal is fed in by a 
sliding bottom instead of by a helix. 
The number of strokes may be varied 
from OIK' m three minutes to .fifteen 
]>er minute, and [ft each stroke about 
() lbs. of coal are carried to the fiirnai'e. 
The movement of the piston of cylinder 
C of the steam motor is transmitted 
directly through tlu' piston rod to 
the crosshead 1), which is bolted to 
the sliding bottom E. This sliding 
bottom extends the full length of the 
trough or coking letort The falock B 
has the same movc'iiK'nt as* I) and E; 
thus tlu' coal is fed by bloi'k f^ from 
the bottom of hopjier A on to the 



ha\'e, tlK'refore, to be cleaned by 
hand like ordinary hand-fired furnaces 
through the fire door, and thry wor^c 
therefore at a disadvantage to that 
extent. There are tw(j tyj>es of under- 
feed stoker, one with an Archimedean 
screw which pushes the coal in con- 
tinuously, and which is only used for 
intt'rnally fired boilers (see Eig. 6l), 
and as no low grade coal is used for 
this typ(' the fact that it is nbt self- 
cleanmg is not of much consequence. 
The otlK'r type is for externally fired 
boilers and is self-cleaning. 

1^'igs. ()2 and 63 show longitudinal 
and cross sections of the Cl^iss “ E " 


sliding bottom E, which not only 
carries it to the back end of th(' furnace, 
but forces it to rise the lull length 
of the trough. As the' coal ri^es it 
IS flooded on to the bars E. These 
bars are alternately moving and fixed, 
the moving bars working transversely* 
to the retort. On the bottom of each 
moving bar are cast two lugs which 
engage with the bulb of the longi- 
tudinal rocking bars H shown in the 
cross section, Fig. 63. These rocking 
bars in turn receive their movement 
through the agency of two spirals and 
, nuts, which mechanism is entirely 
outside the furnace. The nuts are 



bolted t(t the crosshead D and. there- 
fore, reciprocate with the bottom JC, 
(see Fig.. ()2) It will be seen that tlu^ 
reciprocation of the nuts causes the 
spiral t(i rock to and fro 

The movement of tlu' grates, in 
addition to carrying the burning fuel 
to the sides of the lurnace, also coiu’eys 
the clinker down and deposits it on 
dump plates K, winch* ai(' fastimed 
to the hinge-bar L. This hingi'-bar 
IS actuated by a le\’er ])laced outside 
tile furn^i'e, to dump the accumulation 
of ash ajid clinker into the ash-pit. 

One of tTie important features of 
this stoki'r is the distribution of the 
ail, which enters the stoker through 
the nperture N, conti oiled by the wind 
gate 0 This wind gate is adjiisti'd 
by th(‘ crank P. Tlu* ;iir upon enter- 
ing tlu' w'ind box (}, jiasses upward 
along each side of the trough or retort, 


from j5o^ F to 400 h'. The pressure 
of air in the ('hambeis '[' varies from 
zero to ot an inch ol water. 

All sprinkler stokeis offer the advan- 
tage that they can 1 h^ hand-liied in 
the case of a bn'akdown of the me- 
chanical stokei. The s.ime applu's to 
some ot the coking stokers All 
sprinkler .ind coking stokers are lifted 
w'lth steam jets for (ooling tlu' lire 
bars. In tlu' c.isi' of tfu' Benins and 
Meldium stokers the same |et serves 
the double jnirjiose of lorcmg or con- 
trolling the draught With the uiidei- 
f(‘ed type a Ian is used in the plact' 
of the stiMin ]vi. For chain gi.ite 
stokeis neitlu'r jc't nor hin is n('cess<ii \’, 
as onl\' about one-thiid ol the grati' 
surface is I'xposed at th(“ tmu' to tiu' 
lii'n'c' lire while the lest is cooling 
All sprinkler <nid coking stokers have 
moving or selt-cle<ming gratis In 
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and IS discharged, partly through the 
holes R, into the retoit TIu' remain- 
ing air passes through the bars F, 
which •it will be observed are madi* 
hollow’ These bars, however, have 
no openings in ^ their upper surfaces, 
fnd no an- can find its w'ay into the 
tire above until it has passed through 
the aperture S at the lower end ot the 
bar, from which aperture it is dis- 
charged into the air chambers T. 
From here the air rises and passes 
through th(‘ small spaces between 
the bari? into the coked fuel. The 
temperature of the air in the air 
chambers T is in this way raised to 


order to g('t nd of the clinkers the 
expediency is sometimes resorted to 
oh giving the grate a downward direc- 
tion, but this appears to be a mistake, 
as the back end of the grate is then 
fiirtliest away from the boiler just at 
a point where it should be nearest, 
owing to the lire being less fierce there. 

There ari' many types of stokers 
all diflering m details of construction, 
for all which advantages ao^ claimed 
concerning conijilete combustion and 
smoke prevention, but w’e will not 
sit m ludgmeiit upon them. 

What IS of great importance in 
industrial jWar ''conomy is the fact 



already hinted at, that low grade coal 
can be used with underfeed stokers, 
preferably with forced draught. The 
first essential when dealing with low 
grade fuel i- to maintain a high furnace 
temperature, considering the small 
proportion of combustible matter to 
be consumed. Under ordinary firing 
conditions with natural draught these 
temperatures cannot be maintained 
with such fuel. With forced draught, 
however, tlic rate of combustion can 
be matcriaJly increased and the tem- 
perature maintained to eiisuix' the 
i;i]ud if^nition and consum]dion of all 
the ('oml)ustil)k's m the fuel As a 
matter of fact with the ('lass “ \i " 
st()k(T of the luiderfeed Slokir ('o. 
coal contamii^g as much ,is 4S per cent, 
of non-combustible matter, .md e\ en 
cok(‘ bi('('/e and antluvu it(' sla('k, 
have been successfully used 'hhis 
im])ortaut fact cannot be over-esti' 
mated, j^iarticularly at this period. 
It has been realised b\' a few since 
the war broke out, and there has been 
quite' a decided movement, (‘specially 
at colheiK's, to burn under boilers 
siK'h low ^rade fuel as w.is formerly 
thrown on the dumps The Scauth 
Metropolitan l^lectric Jaght (Jv Power 
Co , Ltd., have introduced the first 
boiler installation m such power jilants 
fired entirely and successfully with 
coke breeze The furnaces have been 
sevc'ral weeks together unassisted by 
coal without letting the fires down. 
Mr llenrv W. Jhawden, the Company's 
Engineer-in-Chief, was responsible for 
this innovation, when he found it ex- 
pedient to secure lo\f generating cost 
owing to an increasing deiii'and for 
power at a very low rate. The venture 
resulted in a reduction of the coal 
bill for 1915 of approximately £900, 
for practically the same output as 
in the preceding year. The price of 
the coke breeze was then fas. per ton. 
Boilers so fired are almost invariably 
operated imd('r impelled-draught con- 
ditions and at their full normal capacity. 
At the present price of 8s. per ton coke 
breeze is still tlu' best fuel value at 
present obtainable m London. The 
makers will guarantee an e^aaporation 


of 6 lbs. of water per lb. of " Ereeze,” 
and rates of combustion exceeding 
30 lbs per square foot of grate sur- 
face per hour have been maintained 
with automatic stokers of tln-^* under- 
feed travelling grate type. 

Underfeed stokers are also burning 
fuel described as colherv waste, band 
pickings, wasljer dirt, and tht‘ like. 
While this fuel is very dirl\' it is 
usually comp.uatively drv Washer 
dirt, sliirrv, etc., wliilc' containing 
about ]('> per cent of ash also'n'ontam 
30 p('r ('('lit. or more ol wrt('r' These 
fiK'ls burnt at tlu' collu'iies ('nabk' the 
coUk'I'v management to produce steam 
V(‘ry ( heaplv, wlu'ix'.is failing its com- 
bustion thev would ha\(‘ to go to 
some e\pens(‘ to .irrang( lor tlu' 
n'lnox alol this niati'i lal. h'r('(|U(‘ntlv it 
cannot be sioK'fl m high heaps, as t]u'S{‘ 
h('a|)s fiK' through sponlaiK'ou^ ig- 
nition 

1'he second (‘ssenti.il is to ])io\U(k' 
for the removal of tlu' ash and chnk(‘i' 
from tlu' gi.ite, so that it does not 
atle('t th(‘ ( ombustion of tiu' lu'sh 
fuel wliK'h Is f('d to the furnace The 
travelling grate stoker will do 
this 

.Almost smc(‘ the h('giniung of the 
w'ar p(‘ople Inive bei'ii talking of the 
need for n.itional ecoiK.niu’, especiallv 
m coniK'ction wath our industries, and 
there is no better opening for such a 
movenu'ut than m th(' economy of 
the boiler-house, wdiere fuel is con- 
verted into steam Ah st engineers are 
aware that the average boiler-house 
IS a shocking example of lack of 
economy, due to antKjuated methods 
of steam generation, the net w-orking 
efficiency^ the average of loo instal- 
lations. including 39 wath automatic 
stokers - being only a trifle over 55 ^ 
per cent, (that is, out of loo lbs of 
coal put into the fire 55.^ lbs are being 
used to produce useful steam, the 
other 44 J lbs. being wasted), whereas 
a boiler plant run on scK'iitific lines 
should give an efficiency of owv i)0 
per cent. 

'D Brownlie and il Green. 
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THE HANDLING OF MATERIAL IN ones as far as tlic saving of labour is 
GASWORKS. concerned. The old lioii/ontal retort 

It is not within the province of this had to have its lill of coal spooned 
article ty comment upon tht^ meiits or m like a baby, or pushed in like a 
otherwise of the difh^-ent methods of Surrey capon, wliih' after carbonisa- 

carbonisation, the more so as even tion the coke had to be pushed out 

gas experts cannot agree which is the aeam a la sausagi' imu'hiiK'. This 

best. One thing, however, is bi'vond jirogemtor ol icdoits has held sway 

all controversy and that»is the merits for such a length ol tmu' that it is 

of the newer methods over tin* old not more than natui.d that the h'edmg 
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and discharging should now be done 
by the most up-to-date machinery. 
One of such charging machines, that 
of l)e Brouwer, is illu^-trated m Fig 64. 
It shows tlie coal conveyer ovcThcad 
and the portable charging device sus- 
pended irom two rail tracks. The 
coal IS thrown into the retorts by 
centrifugal force. 

At the second stc.^,c tht‘ retorts are 
sloping at an angle of about 45°. 
Here the charge of coal can be dropped 
m by gravity and the coke dropped 
out m like manner after carbonisa- 
tion , and the latest developimait, the 


manner no matter of what type the 
retorts may be. 

But before doing this we will ]ust 
look at a few interesting drawings 
which have, together with Fig. 64, been 
prepared bv Mr J. F Lister, A. MT.C.E., 
A.M 1 M.l^, of Messrs. W. J. Jenkins 
& ('() , Ltd , for an interesting paper 
on " Modern Coal and Coke Handling 
MachiiK'ry As used m the Manu- 
facture oi (ias,” winch was read bv 
him as rec.aitly as the 3rd April ipib. 
before the Society of Fngmeeis, with 
whose kind permission the illustra- 
tions, h'lgs (>4 to()(S, are lu're reproduced. 



vertical retort, can receive a continuous 
stream of coal and reject an e(|ually 
continuous stream of coke, all by 
gravity and automatically. 

The supply of coal to the retort- 
houses of gas-works is practically 
identical to that to boiler-houses, 
which latter has already been fully 
dealt with, so that it is left ^o us to 
confine ourselves more particularly 
to the handling of coke, both hot and 
cold. The type of retort does not 
concern us here, as we are dealing with 
the coke as it leaves the retorts, and 
it mu .t b" dealt with in' a similar 


The complete arrangement ol a 
typical coal-handling plant for hori- 
zontal retorts, as recently erected at 
many gas-works, is shown in h'ig (>5, 
with coal breaking plant, and with 
an elevator of 25 tons per hour cajiacity 
and a central overhead storage bunker 
holding about 40 tons of coal. The 
elevator is of the ordinary bucket 
type with malleable iron buckets bolted 
to a manganese steel chain. Cast-iron 
skidders are hxed to the buckets and 
these run on cast-iron wearing strips 
bolted to the elevator framework, just 
the same as those previously mentioned 




jor boiler-houses An elevator of tJiis 
type with buckets 12 in. wide by Q in. 
deep will raise about 25 tons of coal 
per hour when running at 120 ft. per 
minute, and aboiU 5 h.p. should be 
allowed for a lift of 70 ft. to (So ft. 

Fig. 66 shows a complete plant which, 
together with the steel framed retort 
house, was recently ^supplied to the 
Osaka (Japan) (his Comjiany In this 
case the combined charging and dis- 
charging machine is htti'd with a weigh- 
ing c'^amber, and a hopper holding 
a 24 tioiiis supply of coal is .irranged 
in front of ('acli bed of retorts The 
elevator, w'hich is of the usual enclosed 
type, deliviTs the ('oal on to a push- 
bar conve\er wiiK'h distributes it into 
the various hojiiK'rs This arrange- 
ment, though moie e.xjx'iisive than the 
centml hopper pl.mt m hist (o^t, is 
rather moia^ (aonomical m working, 
as with tlu' larger cajiaeitv of the 
-storage hoppeis, it is r)nlv lU'cessaiy 


for the coal plant to be w’orked during 
the daylight shift Precisely the same 
type of plan^ is used for inclined re- 
torts, only the charging m.ichines are 
not required The same applies to 
vertical retorts. I-igs by and 6(S show 
longitudinal and cross sections through 
a retort-house with vertical retorts fed 
by a gravity bucket installation. 

The (piestion w'hetlier coke can be 
liandled more ('conomically by me- 
chanical means than by hand, has been 
a leading one wliK'h has exercised the 
minds ol gas engiiu'ers for years. It 
IS exceedingly difficult to arrive at a 
definite conclusion on this subject, as 
thos(‘ gas-works winch have insta’ih'd 
plant for handling ('oke enqiloy a 
variety of systems and th(' conditions 
are likewise diffi'Kmt 

When mecliaiiK'al cony('\ers were 
first list'd for hot toki*. tlu' late Mr 
W^ R ( ht'stei, of th(' Nottingham (has 
W'orks, compik'd most carefully all 
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data in connection witli Ills ])lant 
dunn^^ a pt'riod of six year-^, which he 
^a'ncrously published at a meetinp^ of 
Gas Knynnccrs at (dasp^ow in i()Oi, 
which made it apparent that when 
liandhng material of a destructive 
nature' like coke, a point mav be reached 
when hand-labour is more econoiiiKal 
than machine-labour, but ol course 
such a conclusion must not be rashly 
accepted, as this depends iijion the 
cost of hand-labour (which used to 
be much less) and on the efficiency and 
wearing cjualities of coke conveyers 
(which used to lea\-e much to be 
desired). Even m those early days 
it was estimated on the basis of Mr. 
Chester’s figures that the cost of 
handling by machinery the hot coke 
from the retorts by a hot coke con- 
veyer, an elevator, and an ordinary 
conveyer for distributing the coke over 
the heap in the yard, cost per ton of 
coke handled, for repairs ^ and re- 


newals 

per cent, interest on 
capital outlay ;f3, 398 .. o.psad. 

r).’47od, 

while it is estimated that, with the 
state of the labour market at that 
time, a man removing 15 tons per 
day m barrows from the stage-floor 
of the retort-house to the coke heap 
in the yard, the cost of hand-labour 
came to 4(1 per ton, and with the 
mainteirmce and renewals (<^1 burrows 
at id per ton, to a total of 5d., or i^d. 
less than by mechanical means Under 
present day conditions there is a 
siifticient balance on the other side 
to effect a substintial saving when 
handling even this most unsatisfactory 
of all materials bv machinery. The 
wear and tear with machinery for 
handling cok(' can be up to twenty 
times as much as it is witli coal, which 
latter material in powdered form almost 
lubricates those parts which the coke 
abrases 

But it is not only the hot coke 
which re(]uires attention by mechanical 
plant. Aftc'r (pienchmg, the coke has 
become Ic^ss destructive than when m 
its incandescent state, and (an at 
least no longer distort the mac.limerv 
(U'sigiu'd for its coina'vaiK (', but in- 
stead of the latent heat wv have now 
to deal with tlui corrosi\'e moisture 
and the line coke partu les which enter 
into and disintegrate the mechanical 
parts with which they may be brought 
into contact. We thus see that whik^ 
hot-coke conveyers may be of the 
push-plate or bar ty})e, jiia'fl'ralih’ the 
l)e Ifrouwer ty])e, where the bars and 
carrying chains are more 01 hss pro- 
tected by the (juenclimg water m 
which they are submerged, th(' (on- 
veyers for cjuenched cok(' are best 
of the Zimmer reciprocating trough 
type, as with this the material does 
not come into contact with any 
mechanical parts. Such ( onveyers 
have, morc'over, bc'en developed pxirtly 
into scia^ens, so that the coke’ can be 
■ stored in silos or heaj)s m a market- 
al condition, i.e., screened and sized. 
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Mr. Lister advocates in the paper 
already quoted two principal methods 
of dealing mechanically with hot coke , 
(i) by means of conveyers, and (2) 
by means of transporters or telphers. 
ILich method has its advantages, and 
the qiK'stion as to which shall be 
adopted must be derided entirely by 
the local conditions. In many cases 
a combination of the two is the ideal 
arrangc'meiit, a conve\’er biang used 
inside the retort-house and a telpher 
outside m the coke yard. 

l lu' chiel advantage's of a conveyer 
art' that it is contimioiis m action, 
and therefore does not restrict the 
speed of the stoking machinery, and 
when once started to work it is practi- 
cally automatic m action, and does 
not require a man m constant atten- 
dance. 

The principal advantages of a telpher 
plant are, tlit great area of ground 
that can be covered without an ex- 
cessive expenditure and the small 
amount of handling receivtxl by the 
coke, with a corresjionding decrease 
m the production of bree/e. At the 
same time, with a plant of this type, 
the speed of the stoking machinery 
is regulated by the time taken by the 
telpher to run out with a load, deposit 
it at the required spot, and return for 
a fresh charge A man is required 
constantly on each telpher, which 
increases the labour cost, but the cost 
of upkeep is light A telpher plant 
will cost approximately {450 for the 
transporter itself and £3 to £4 per 
foot run for the track, the cost clepend- 
mg mainly on the number of ''curves, 
and the height of the track above 
ground level and the load to be carried 

A conveying plant will probably 
cost from {4 to ih ]){'r foot run, the 
lower figure being the cost of the 
portion inside the retort-house, where 
the trough and return path can be 
supported from tlie lloor stnuTiire, 
and the higher figure including support- 
ing trestles or other structure for 
carrying the conveyer at a suitable 
height above the ground m the coke 
yard. As mentioned above, /he ideal 
arrangement is frequently a combina- 


tion of the two methods. By arrang- 
ing a convc'yer m the retort-house, 
with a hopper at the end of the house, 
capable of holding all the coke repro- 
duced 111 one dfaw, the stoking 
machinery can woik at its full speed, 
and the telpher can distribute the 
coke to the requiied points between 
the rounds, wlren there is a man 
available who might otherwise be idle. 

A modern way of dealing with the 
probli'in by telpher is to recc'ivj^^ the 
iiK andesceiit coki' from the retorts m 
a kind of oblong iron baskc't, which 
should preferably hold the contents of 
one retort 'fhis u'ceptacle is mani- 
pulated by a man telpher It is 
lowered by the tel})her winch to be 
filled, then raised, taken outside the 
retort-house, and there lowered into a 
cajiacious quenching vessi'l full of 
water, raised again after quenching, 
after which the telpher follows its 
trai'k, which leads ov(‘r the centre of a 
senes of silos, and there the coke is 
discharged into a Zimmer reciprocating 
conveyer an'l screen, which eliminates 
the “ bree/e " and delivers it into the 
first division of the silo>, small coke 
into th(' next, and the laige through 
outlets fitted with slides into the 
rem.iindt^r of the silos 

The silos are sulfnenlly high above 
the ground that they contents may be 
drawn off inN) vehicles by merely 
o])enmg a shoot. The coke is thus 
never touched by hand -labour from 
the tune it leaves the retort led hot 
lO the time if is carted away bv the 
purchasers. One of the many gas- 
work"' so htted is that at Southampton, 
which IS one of the most up-to-date 
plants. 

Another method of stacking coke in 
the \ard is bv means o‘l a locomotive ' 
craiK' and skip on an elevated track, 
which practic.illy eliminates tlu' possi- 
bility of a bia'akdown, but with this 
method no scic'cning of tlu' coke is 
provided for. This may, however, be 
performed m a separate sen'enmg plant 
to which the coke can be dehvtred by 
the crane from the stock-heaps. 

Sometimes the quenched coke is 
dumped by a telpher into bins* without 
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being previously classified, and an 
extensive plant of tins kind has been 
erected by Strachan cv Henshaw, Ltd., 
at the Leeds Corporation Gas Works, 
Fig. bp shows one unit of the in- 
stallation. Above one of the coke 
hoppers the telpher track is shown, 
and one of the combined conveyers 
and screens of the Zimmer Conveyer 
Co. receives the coke from the hopper 
by the mere opening of a slide. The 
conveyer is lo ft. o m. long, but the 
screening surface is only 3 ft. long, 
which is sufficient to eliminate all the 
" breeze " and deliver the screened 
coke into carts The “ breeze " drops 
into a hopper, and is at intervals 
removed by a narrow gauge truck. 
This installation at Leeds has a battery 
of seven such conveyer-screens under 
an e(]ual number of hoppers. 

Notwithstanding the fact that the 
sheet steel trough of a reciprocating 
conveyer is worn out in one to two 
years, and even the cast iron trough 
of coke conveyers must often be 
scrapped in two years, while the chain 
may last three or four years, it is 
found economical to employ such 
screens and conveyers, as nowadays 
the coke cannot be conveyed by hand 
barrows from the retorts and screened 
at the heap for less tlian is. per ton. 

An important new development has 
quite recently entered into the economy 
of the gas industry. As is well known, 
coke IS exclusively used for firing the 
furnaces of gas-works retorts, and the 
resultant clinker contains a large per- 
centage of good coke Hitherto the 
“ pan-ash ” as this clinker i^^ called, 
has cither been hand-picked or giveji 
away, or even carted aw'ay for a 
monetary consideration, as most gas- 
works are in crowded districts and too 
congested to permit any accumulation 
of unsaleable by-products, ft may be 
safely estimated that betwa^en 40 and 
50 per cent, of the so-called clinker is 
good coke, and the recovery of this 
by mechanical means is the object of 
this departure 

The illustration, h'ig. 70, shows one 
type of plant which has recently been 
erected by the Gordon Harvey Co. 


for the Brentford Gas Company. It 
will be seen from this that tlie “ pan- 
ash " is elevated by an ordinary bucket 
elevator and delivered on to a Zimmer 
combined conveyer and screen [ where 
the dust up to ^ in. is eliminated, as 
this small coke has little value. The 
remainder is passed by the said con- 
veyer into an inclined rotary trommel, 
which IS provided on its inner peri- 
phery with a spiral which, being a 
fixture, revolves slowly with the trom- 
mel. The machine is on the same 
principle as those used f-nr ^/ashing 
coal at collieries. A centrifugal pump 
supplies an adjustable jet of water 
which washes the “ pan-ash " into the 
central portion of the lower surface of 
the trommel. The coke being speci- 
fically lighter than the clinker, passes 
slowly over the intervening obstructions 
offered by the spiral one by one to 
the end of the machine, while the 
heavier clinker is intercepted by the 
same spirals, and is thus conveyed 
back towards the feeding end and 
there drops out of the trommel on to 
the ground or into barrows. It will be 
understood that the internal spiral is 
disposed in the cylinder in such a way 
that by its revolution all material fed 
into it w^ould not be permitted to 
travel forward but backward, if it were 
not for the stream of water which alone 
is responsible for the forv'xird move- 
ment of the coke 

The clean coke and water pass over 
a screen at tlie tail end of the trommel, 
where the water is drained back to 
the settling tank to be pumped over 
and over again, the coke passing out 
either on to a licap on the groimd or 
into hand barrows. 

There are other types of washing 
macluncs equally well adapted for the 
same purpose, but let this example 
suffice. It is also obvious that such an 
auxiliary plant for gas-works of greater 
magnitude can be considerably ela- 
borated by the introduction of screens 
and bunkers into which the coke can 
be classified. The coke so reclaimed 
is suitable in every way for firing under 
boilers, and it is generally used for this 
purpose on the works. 
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FLOATING LOADING DEVICES. 

With the exception of the gigantic 
pneumatic installations such as have 
been installed at the Millwall Docks 
and at other large grain centres, there 
is no mechanical device which will 
dispense with so much hand labour 
as the floating loading devices with 
mechanical equipment, 'lilie pneumatic 
handling of grain at our docks (where 
one man docs now as much as used 
to be done by eight) leaves nothing 
to be (Jesircd to meet the present 
demands, v'lTile, however, the handling 
of coal by mechanical means, except 
at our principal coaling centres and 
at our naval ports, has been sadly 
neglected. 

Considerable strides have been made 
of late by our engineers in design and 
development in this direction, and 
although we arc probably lietter 
equipped in this our famous coal 
country than any other country for 
mechanically disposing of cargo coal, 
we lack in some ports the facilities 
for transferring bunker coal mechani- 
cally into ships, and, it is painful to 
have to sav it, in some of our ports 
we lag behind some ot the continental 
ones, particularly those of Hamburg 
and Rotterdam. In tlu* Port of Lon- 
don, even, a great deal of hand 
bunkering may be seen d.iily, in s])ite 
of the deartli of men and the contimi.d 
labour troubles, and where mec hanical 
means are used tliey are often of the 
most primitive kind, ('onsistmg, for 
instance', ot a liarge with a cou])le of 
ste'am winches, which raise tlie coal 
in baskets out of the lighter and then 
transh'p it to the bunkers. By these 
prinutu'e means, and with nmt* men 
lilling the baskets in tlie lighter and 
c^nptymg them ^into the bunkers, as 
well as three men working the w inches, 
etc , in all twelve men, only about 
240 tons in 10 hours are handled at 
a cost of qd. per ton. Without the 
winches the output is not more than 
half this, or one ton per man per 
hour. • 

There is not much to choose between 
this and the way they do it in Japan, 
as a glan(?e at Fig. 71 will show us, 


a sight often seen at Nagasaki, the 
“ Portsmouth " of Japan. This lively 
scene affords plentiful employment to 
hundreds of men and wa 3 men, and it 
differs, alas, but little from some of 
our hand bunkerine:, except that it is 
certainly more picturesque. With this 
sort of thing going on, it is small 
wonder that Jack has a sw^eet heart in 
every port, and if he has not it is 
not for want of leisure and oppor- 
tunity. We do not grudge him this 
pleasure, but cannot liclp hoping that 
less antiquated methods wall soon l^e 
introduced, thus Jack may have to be 
less fickle. 

In addition to the expense and time 
wasted by hand bunkering, there is 
the further drawback in the fact that 
the ship has to be cleaned down, 
which is not necessary after mechanical 
bunkering, not to mention the ])ractical 
impossibility of loading or discharging 
cargo when an armv of coal-heavers 
are sw'arming like ants up and down 
on both sides of the ship. 

The coaling of a navy in war-time 
IS one of the most important items 
of our national programme just now, 
but it wall not do to pry into those 
details at the present moment, yet 
here are matters of interest which cut 
deeply into the subject under dis- 
cussion. riie na\'al men, who d(3 at 
present ('hiefly what might be called 
“ sentry dutv/’ hav(' ph'nty of leisure 
to get coal on hoard, though such 
operations are tedious and irksome. 
The time may arrive', w'e ho]3e will 
arrive, when thay wall be cliK'hy 
engaged #n more serious w’oik, wlien 
it will be of vital inijiortance to 
replenish the bunkers as expeditiously 
as possible, as a hghting fleet without 
adequate coal supply is unthinkable. 
It has alreadv been mentioned that 
the coaling facilities at the naval ports 
appear to be all that ('an be desired, 
but coalmg on tl'c open s('a is the most 
difficult problem, and there are ob- 
viously times wFen coal must be taken 
so, as the fleet is often far from its 
J^ase. We can gather this from past 
historical experiences furnished by the 
Spanish fleet in the Spanish-An^Tican 
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\\\ir and the Russian Baltic Idcet in 
the Russo-Japanese W'ar 

\\’(‘ ha\’e already seiai that basket 
coaliiif,^ IS still consuh'red one of the 
principal methods. W’liv this slionld 
hc' so it is dilliciilt to ex])lain, but it 
must be so bc'caiise the primitive basket 
and the Idock from the rig^mj^ has 
been developed to a fine ait instead 
of being discontinued for a more 
scientilic principle altogi'ther. 'flie 
common nu'thod with one ])ullev block 
has been improwxl bv the introduction 
ol a second block A ro])e of a suitable 
fi.xed length, one end of which bears 
th(' hook for the basket, while the 
other end is hxed to some convenient 
point of the rigging, passes o\er a 
l:)lock likewise hxed to the* rigging ol 
the ship which leceix’cs the coal A 
second bkx'k (a “ snatch liRick ") is 
loose on that jiortion of the rojie be- 
tween the hrst Idock and th(‘ hxed end 
of the rope, and to the shackle of this 
snatch block a hand-rope is attached.^ 
When the basket has been^ hooked to 
the ei%d of the rope the hand -rope is 
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wound once or twice round the' warping 
end of the ship s winch, which is kept 
running all the time coaling o})ei<itions 
are proceeding. W’Ik'u the hand-rope 
is shortened by the capstan the snatcli 
block is pulled down and the hoisting 
rope shortened, which thus lifts the 
load, and the .idvantage is that the 
shortening of the hand-rope is only 
one-half of what it used to be with 
the original method, and the process 
is therefore twice as (]uick. W'ith a 
multiplication of such tac'kle and a 
corresponding multiplic.ition af men 
the capacity can b(' made adtspiate 
to tlu' demand With the aid ol the 
drum head or waipmg end of the wmcti 
the load is lifted when the hand-rope 
IS pulled If It IS slightly slackened 
and lu'ld still, so that the rope slips 
on the drum head, the load is sta- 
tionary, and when quite slackened th(' 
load descends 

The latest development of •this class 
of tackle IS the introduction of the 
movable electric motor m the place 
of the fixed steam winch. •The prin- 
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cipal advantage of an electrical winch 
is its smallness and, therefore, if 
suitably made, it can be fixed to the 
rigging of the ship which receives the 
coal, and tnere is no limi^ to the number 
which can be so ('mplou^d. 

It may b(' intin'sting to point out 
that such elei'ti'K'.d ])laut i^ largely 
employi'd m the (icrman#nav\ , and 
tlu' Posen, in an ollicial test in Jun(\ 
i()o8, with such tackk' took (>42 tons 
of coal on board pei hour. 'I'he num- 
ber of mey employed in doing this is 
not gn’cn, bftt it must have Ixa'ii 
very considerable, and the only t'xcuse 
that can be made for what, to an 
outsidc'i', appears a clumsy imdliod, 
even with all its K'hnenu'ut, is that 
the large comjilviiK'nt of men on 
battleships could not be reduced, eviai 
if more si'ientihc and labour-saving 
means were employed, and the cri'w 
tackle this unpleasant and (htt\’ work 
as a part of their ordinary i out me. 
A great many units of the (‘uemy navy 
are pro\’ided with electrual winches 
of divers jiatteins, and as w'e naturally 
like to know how^ they do things, a 
more minute description of their 
wanches may not be amiss In the 
hrst place, one of the types is pio- 
duced by Simens-Schuckert The 
winch wc'ighs 480 kilos, and is (cisily 
taken into thre'e jiaits by tlu‘ lemov.il 
of a few bolt^. The three paits are 
The Motor, w'ciglung . . 240 kilos 

The Winding Drum and 

Gear . . . . . . 220 ,, 

The Starter . . 

• — 

The g('ar of flit' winch, which includes 
worm and worm ^acir, is enclosi'd in 
an^)ibtight casing, lug 72 show’s an 
electric wani'li suitable for susjiendmg 
from the rigging. The rope w'hich 
cariies the basket is attached at one 
end to the wandmg chum, and the 
motor nt can be rcwolved in either 
direction, for raising and lowering 
Another type, not wath a cylindrical 
drum like the last, but with one 
narrow^ed somewhat and rounded in- 
ward on the' face, like the drum head 


or w'arping end of a ship’s winch, 
and manipulati'd as stated above by 
pulling or slacking the loose end for 
raisiiig or lowering, is show'll m Tig 74. 
It is named th(' “dw'ail winch of 
Wilhelmi.” The armature a is arranged 
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centrally wathin the diiim, and tlu' 
spindle by means ot ;i pan of spur- 
v’hei'ls rotates a shoit ('ounlershaft 
V'hich g('ars by anotlua pinion into 
the toothed inner piaipluav of an 
annular ring or magnet fr.inu', upon 
which the winding (hum can nwolve 
freely on the rollers ;;; whiNt the 
magnets are fittinl to tlu* inside. The 
drum is cou])l('d to tlu' revoK’ing 
annulai ring or magnet fiame bv the 
conical friction rings r, which are 
shown black in the illustration, and 
are normnllv lu'ld out of contact with 
the corrc'sponding conical sui faces on 
the w'lnch drum by tlu* sjiiings /. As 
soon, how'ever, as the hauling rope is 
tightened, a scries of bais o (w tiich 
are ])laced at chase interv.ils around 
the peri[)hery of the drum) <ire piessed 
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down. Each bar o is coupled to two 
levers n, which in their turn influence 
the lever q so as to force the coupling 
ring r home, when the drum revolves. 
When the basket is detached the 
springs / immediately uncouple the 
drum again, so that it can freely 
revolve and allows the rope to descend 
for another basket. 

This electrical winding gear is built 
by Simens-Schuckert and Gcbr. Kort- 
ing. The design has since been modi- 
fied, and is now less dependent upon 
the many small parts. All the levers o, 
n, and q have been discarded in the 
later machines, in the drums of which 
rectangular recesses have been pro- 
vided, in which radially moving blocks 
with conical side cheeks can now act 
direct upon the rings r. These blocks 
arc fitted with springs, which force 
them back whenever the rope slackens.* 

The whole apparatus is enclosed, 
and can be rolled on deck on broad 
flanges when out of use, like a barrel, 
there being no projections, the sup- 
porting shackle and the electric con- 
nections all being within the periphery 
of these flanges The supporting 
shackle is pulled out of its retreat 
when the winch is hoisted into position 
on the end of a boom. 

The normal gross load is 120 kilos 
and the lifting spe(‘d 2 metres (about 
0 ft. b in ) per se:c»nd. If the coal 
has to be r.iised 7 metres {2} ft.) it 
takes 

4 seconds to lift the load. 

j ,, for unhooking the load. 

3 ,, for Vnv(Uing the rope. 

2 ,, for hooking- on .iy full 

basket. 

12 „ for the complete cycle. 

Tile nett load is roo kilos, or 30 tons, 
per hour. If three lighters c.in be 
moorc'd on each side of the ship and 
four winches used m each, together 
24 winches, 720 tons can b^l delivered 
on board per hour. 

We do not, of course, imply that 
the foregoing are the only or even the 


♦ rile writer ^e^^ret^ tlmt the (''‘^cTiptinn of this 
later iMi[)rovement is ratlier ohsc nre, hut he has not 
been able to obtain a more aernrate one. 


principal means of bunkering employed 
in the German navy. They have used 
the Ternperley Transporter since 1893, 
they use mechanically equipped colliers 
and barges of the Smulders’ and other 
types, and they have, it is believed, 
marine cableways for coaling under 
way on the Leue and Adam principles, 
at least th»y have spent much time in 
experimental work with these varia- 
tions of the marine cableway. 

Hundreds of Ternperley T^'ansporters 
have been supplied to Qie British 
Admiralty, and a considerable number 
to foreign navies. It consists of an 
automatic traveller or running head of 
either the single or double-purchase 
type , a beam on which the traveller 
runs, suspended from a convenient 
support such as the ship's derrick or 
a spar between the masts and held in 
position by guys ; and a hoisting rope 
from the ship's winch for lifting, 
transporting, and lowering the load. 
'J'he transporter beam is suspended at 
a gradient of about i in 3, and is so 
placed across the vessel as to command 
the hatchway and (]uay or lighter 
simultaneously. The beam is from 
30 to (>5 ft long, in multiples of 5 ft. 
and for loads of 30 cwt All along 
the beam and at a pitch of 3 ft. are 
notches or stops, at any one of which 
the traveller may be arrested at will 
by the man at the winch and the load 
lifted or loweied. The traveller is 
made to take grabs as m the Spencer 
Miller gear, but sacks, bask('ts or skips 
<ire more generally used The d'em- 
perley Transporter is now made by 
Sir \Vilham Arrol A Co , Ltd Fig 74 
shows a “ Ternperley " 111 position. 

The Sieurin system, which is newer 
and not so well known as the Tem- 
jierley, promises none the less ' to 
become a most useful unloader for 
coal, etc. The mam feature is a 
shovel, and the method of suspending 
it from a derrick and operating it by 
the ship’s winch controlled by two 
men It is lowered into the hold, 
tipped sufiiciently to give'' it a grij), 
and by an ingenious and simple 
arrangement it is made to fill itself 
gently and without damagr' to the coal. 



The full shovel is now hoisted and If it should dig too dee])ly and stop, 
swung out and emptied as re(]uirt‘d. that is, if the stress in the wire rope 
No handling is necessary, all the is not sufficient to fill the shovel, the 
movements being under the control stress is kept on the rope and, in 
of the inert at the winch. As stated, addition, sulficient stress is j)ut on 
the ordinarv ship's winch will do, the rope for lifting tla' shovel The 
but a special winch better adapted result from these* two stresses m 
for the work can be supjdied with the ditierent directions is that the shovel 
apparatus Figs. 75 and ;() give an will act exactly on the same pimciple 
elevation and plan of a \Fssel fitted as a steam shova'l on a caia* or :is a 
with this appliance. hand shovel manipulatc'd by a man. 

The shovels are of special eonstruc- The most efiective* woik is thus done 
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tion and*are actuated bv a wire rope by the movement of this big steam 
which is led from a bairel on one of shovel, and as it digs its way down 
the winches oveia lead blocks down through the cargo, a hollow is naturally 
thniugh a pipe m the deck at the b.ick made into which the cargo slides down 
of the winch barrel, and Irom there the fiom all sides 1 Ik* shovel reaches 
rope Is led over suitabU' blocks to any thv bottom of the hold right under the 
re(juired s]4ot at the suit's of the vessel luitch, and all the remaining cargo 
m the hold, or on to the beams of the which is Inen lying in sloping heaps 
bulkheads, and at last shackled on to against the sides of tlu* vessel and 
the shovel. against the bulkheads, is then also 

When stress is brought to bear on mechanically taken bv tlu' shovel itself 
this rope tlie shovel is moved along on a‘' it is hove in towards the cargo 
top of the c^irgo and digs itself down, wherever the same may be placed. 
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The sliovel does its work so well that 
scarcely any hand trimming is neces- 
sary, and there will really be so very 
little cargo left that it practically only 
amounts to " sweepings/’ 

This plant can be applied to any 
existing craft at a comparatively 
trilling cost, and it can easily be 
stowed away when out of use. One 
vessel fitted with the Sieurin gear 
discharged 4,000 tons in 20 hours at 
a cost of only i.Jd. ])er t(^n for labour. 
Usually each shovel has a ca))acitv 
of 30 cwts , and can be discharged at 
the rate of 40 tons ])er hour. One of 
the latest installations on this system 
is that on the Danish steamer Avanii. 
The luiglish agents for the machine 
are Mi'ssrs ( larke, ('hapman cv Co , 
Ltd., of (lateshead-on-Tyne. 

Among the automatic mechanical 
methods of bunkering we must con- 
sider first the Doxford Mechanically 
lUpiipped Steam Colliers made by 
Messrs William Doxford & Sons, Ltd., 
of Sunderland The detail of the hull 
of sucli craft does not interest us here 
except for the mechanical installation 
it conceals. The centre portion of the 
bottom of the holds between the bilgi^ 
ballast tanks is fitted with a tunnel 
having a sloping roof and giving free 
access to two conveyers. The inclined 
bilge slopes from a hopper at each 
side of the tunnel, so that the whole 
of the cargo can gravitate to a series 
of outlets leading to the two conveyers 
in the tunnel These conveyers are 
of the Doxford patent type,* consisting 
in the main of two endless wire ropes 
connected transversc^ly by axles with 
runner wheels, the axk^s being clan'iped 
to the ropes by steel blocks. The axles 
also carry pressed sti^el trays forming 
a continuous receptacle for holding 
the coal. The wlieels run on angle 
rails, and the working and return 
strands are closer together than 
is usually the practice with conveyers 
Owing to the use of wire ropes, the 
terminal pulleys have to be compara- 
tively large, which is also essential for 
the easy curve which the conveyers 

* The earliest iiistallutions were,<ltted with com- 
posite I’otton and rutiher belts 


describe when approaching the ter- 
minals, which would not be possible if 
the conveyers had to be kept very 
taut, as the weight of the conveyer 
will assist m pbtaming the*' necessary 
grip on the driving terminal 

The conveyers work generally in the 
direction from stern to bow, at which 
latter end the conveyers ris(‘ suffi- 
ciently to discharge their loads on to 
a second conveyer or pair of conveyers 
which elevate the coal to the necessary 
height to suit the conditKms under 
which the' vessel has /.o flehver its 
cargo. There is no apparent reason' 
why the conveyers should not run 
fore and aft with the ('levator in the 
]X)op In cases, for instance, where it 
is intended to deliver into barges 
alongside, the scx'ondary conveyers 
need only reach above the deck level 
bv a few yards, or for delivery on to a 
wharf a shore gear can be installed 
to receive the cargo direct from the 
jirimary conveyers, and so make the 
secondary elevators unnecessary. On 
the other hand, if the collier is intended 
to deliver coal into bunkers of other 
ships, the S('Condarv conveyi'rs will be 
\'er\' tall and resemble more the ek’witor 
than the comx'yi'i . 

The cargo is fed into the pi unary 
conveyers by wav of dro]) feed doors 
34 ms. by 24 ms. spaced at regular 
mt('rvals along the hold on each side, 
the spaces between these doors being 
occupied by V-shaped hoods, which 
give access to e<ich door from the 
tunnel, and togethi'i' with tlu^ tran-- 
verse incline of tlit' tunnel and tanks 
form an automatic teed. The doois 
are opened by the operatoi: m the 
tunnel in succession, but in no case 
must more than one door be open at 
a time, as the size of the doors ,,is 
so chosen to admit just as much coal 
as the conveyer will carry. The man 
stands by, and if the Ikw of the coal 
should be checked by an extra large 
lump blocking the outlet, he removes 
it by means of a hook or pinch bar 
provided for the purprjse. This, Ikjw- 
ever, but rarely happens except when 
large Scotch, Yorkshire or Welsh coal 
is handled, in which case a spcxnal 
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slide door is in (mcIi hood to 

supplement the aperture of the drop 
door This slide door is only used 
as a means of relievnii,^ stoppa^^es and 
by no means as a permanent increase 
in the size of the outlet. Where the 
cargo consists of large Welsh coal, it 
may be expedient to employ two men 
on each conveyer 

The amount of coal which will j)ass 
one door varies from 200 to 400 tons 
per hour, d'his variation is due to 
occasional stoppages and the slower 
flow of large coal. The higher figure 
IS for small coal. As the two con- 
veyers work simultaneously, the capa- 
city of such a collier will be from 
400 to 800 tons ])er hour. 

According to Messrs Doxford, the 
capacity of the collier with different 
coal varies as slu^wn in the table 
which is gu'cn Inflow, with outlets 
J4 ins. by 24 ms 

d'he diiv(' for the conveyers is by 
gc^ar from a compound surface con- 
(haising high ])ressure engine (dutches 
are provided so that each or both 
conveyer's, with the full load on, can 
be instantly stopped or started by the 
ollicer on (k'ck 

Delivery shoots are fitted on both 
sides of the obhcpie elevator, which 
can be lilted or lowered by hand 
winches to suit the height of the vc'ssel 
alongside. A controlling door at the 
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end of each shoot, manipulated from 
the deck by the same opemtor, serves 
to distribute the coal to the slnps and 


prevent at the same time any rush of 
coal, thus avoiding breakage. 

ddie staff of a vessel so fitted consists 
of 7 hands : 

I Idreman, 

I luigmeer, 

1 Greaser (part of the time), 

2 Labourers in the tunnel, and 

2 J.abourers on deck to attend to 
clearing up the holds after the 
cargo is run out. 

The cost of delivering coal, including 
labour, fuel, and oil does uo'l exceed 
^d. per ton, if conditions a.e faVourable 
and with a trained staff In addition 
to the obvious advantages of this 
system, there is oiu' of great import- 
ance, namely, that weather conditions 
do not affect this foim of coal supply, 
as in rough weather the ordinary 
big shore gang will not work. 

The apj)hcation of the Doxford s\’s- 
tem extends to (}uite a vaiiety of 
types, all of which reduce the cost of 
coaling and minimise the emplo\'m('nt 
of unskilled labour. The oiigmal type 
of the J)oxford steam collier is fitted 
with two primary conveyt'rs 111 the 
tunnel, running fore and aft, which 
transler their load to one or two 
secondary conveyers m an inclined 
position, reaching only a few yards 
over the deck, to give delivery of the 
cargo overlKKird into hghteis 01 baigcs, 
or on shoie. A very line example ol 
this type Is the ‘ .s. Herman Sauber 
(sec lag 77), 415 It long by 49^ ft. 
beam by 24 It draught, with a spc'cd 
ol 10 knots and a capacity of 3,700 
tons She has iiiiK' hatches each 
33 ft. wide, II ft fore and alt, <md 
30 sliding doors, so that 75 pt" C(‘nt. 
of the cargo runs on to the con\’e\'ers 
without hand-work. She transferred 
800 tons per hour di Durham coal 
with SIX men at the trial The cost 
of discharging <111 ordinary collier ol 
the same size would be /T12, the num- 
ber of men required would be no, 
and under favourable conditions this 
would take 11 hours. The discharge 
of the Herman Sauber during a trial 
cost £12, the time occupied was b to 
8 hours, and it took 7 men, but even 
this comparatively low ligme is too 
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high, as the test took place under 
adverse conditions and with inex- 
perienced men. 

In the next type the secondary 
conveycT or conveycTS are replaced 
by bucket elevators of a height sulh- 
cient for “ overall delivery," i c., right 
over all side obstructions to midship, 
or by branch shoots for side-port 
coaling. One of the best exam])les 
of this type is the coaling vessel, 
PortrusJi, which has two (‘levators, 
not one, as usual. The capacity i^ 
725 tons and the maximum late ot 
discharge 250 tons per hour. 

The next development is oiU‘ ot 
great importance. At a casual glance 
it must appear even to the un- 
initiated that it is a wrong policy to 
employ an expensively htted vessel 
for the pur])ose of travelling backward 
and forward for coal, work which can 
be done equally as well by any other 
steam craft not htted with those 
labour-saving equipments. In following 
this policy, the amount of coal trans- 
ferred cannot possibly work out as 
economically as if the apparatus could 
be used exclusively and constantly for 
loading coal only It suggests itself, 
therefore, to divide such thjatmg load- 
ing devices into two parts, somewhat 
like a locomotive engine and its tender. 
Messrs. Doxford, m following this 
theory, have in the hrst instance built 
the primary conveyer into one craft 
and the secondary conveyer, or rather 
elevator, into another. Thus the ele- 
vator can be placed in position along- 
side the ship to be coaled, whilst one, 
or preferably mdr(‘, attendant barges 
go back aiul forth supplying her* with 
coal. The conveyer in the attendant 
barge generally receives its driving 
])Ower from the elevator pontoon. 

The final development appears to 
be to eliminate even the expense of 
the conveyer in the attendant barges, 
which makes the whole process still 
more economical The elevator pon- 
toon IS provided with a snug berth 
for the ordinary coal barges and their 
contents are transferred by grab into 
it. 

It is estimated thah 112 men in 


ordinary colliers discharge at the most 
300 tons of coal per hour, or a trifle 
over 2 1 tons per man per hour. With 
a Doxford collier (kjo tons per hour 
can be dischargixl hy b (or<with the 
oiler 7) men, (h* practically 100 tons 
per man per liour, so that the employ- 
ment of onc' such ('oilier will dispense 
with more men than would form a 
company of ' infantry. 

Another type of lloating coal loader 
is tint manufactured by A. b. Smul- 
ders, Werf (lusto, Schiedan\ Holland 
(London Agent . Andersoi> Rodgi'r, 
]<S, Victoiia Street, Westminster, S.W.). , 
'fhe conv(‘\'ing elemi'iit in these ('oahng 
vessels deserves rather the name ele- 
vator than convc'yer It is not, so to 
speak, a hybrid of the two, and perhaps 
tlie term " amphibious " may be per- 
mitted to express its functions, as it 
woiks und(‘r water and yet out ot it 
eipially wt‘ll W'e have seen that in 
the Doxford system there were primary 
and secondary conveyers. This is not 
so here, the same conveyer which 
receives the coal automatically through 
a great luimlier of sliding doors from 
the hold of the vessi‘l ascends when 
reaching the bow of the craft and so 
acts as an elevator. The traction 
clenuait is chains instead of ropes. 
The dilference most apparent to the 
beholder between the two types is 
that by virtue of the C(nnbined use 
of the same mechanical appliance for 
c( 3 nveving and elevaling the coal up 
an incline of necessitates a great 
steelwork structure ovia'lianging the 
bow, s(‘e Fig. 78 W'lth the Doxford 
unloader the inclined elevator is turned 
m the opposite direction, i.c , reaching 
from eitlu'r extremity of th’e ship to 
its middle. 

Steamships for Tl’ic coal and ore 
traffic on the (Ireat American Lifnes 
have also lately been ec] nipped with 
double hopper bottoms and two con- 
veyers which deliver to a third central 
conveyer for raising the load from the 
two primary conveyers up an incline 
of about 20° to a sufficient height 
from where it may be conVeyed ashore 
by a fourth conveyer, this time a belt 
conveyer. The general arrangement 
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IS |)iccis(.‘ly sinular to tlio Doxford 
colliers. \\‘sM-ls owiK'd bv the Michi- 
Alkali Company, Wyandotte, wen* 
equipped with the* coin t'yinj.; ni<ichinei\' 
by The Ste))hens cS: Adamson ('ompany 
oi Aurora. The length of the latest 
is 370 ft , and the cargo capacity 
5,600 tons. The engines and boileis 
are at the stern, and the deck consists 
laigely of hatchway openings extending 
nearly the lull width of the deck. 

Under each of the two lows of 
ho{)pers runs a longitudinal pan con- 
V(‘yer ] ft. wide, consisting ol a con- 
tinuous series of st('el pans 3/) m. 
wide by 24 111. long by 20 in. d(‘ep 
The cross spindles forming the hiik- 
hinges are 24 in. pitch. JCach of these 
snindles is provided with two (> in. 
iTanged runner wheels 3 in. wide on 
the tread, which run on steel bars for 
rails. The terminal in the bow is 
driven by an independent engine, 
d'his end of the conveyer follows an 
ascent of 30^, so that the pans of 
both coina'yers can discharge into the 
feeding terminal of the third conveyer, 
which is in this case an inclined band 
conveyer 4^ 111. wide which rises above 


(lu* d(‘ck, Its uppc'r end being siip- 
))ort(‘d by a steel stnu tuie. HeiKxath 
the upper tc'rminal ot tin* third con- 
veyer is the turnt.ible of a ri'volving 
boom or jib 100 ft. long, ujion which 
another band convi'yi'r runs which 
reci'ives tlu* load, and bv \uitm* of its 
flexibility facilitates tlu* final delivery 
in any direction The end of the jib 
is supported liy tackh* fiom a short 
steel mast. The speed of the pan 
conveyers is about ()o ft. per minute, 
while that of the band conveyers is 
about 350 ft. per jiiiiiute The same 
conveyer yompany have fitted similar 
vessels with slight variations from the 
above. The cargo is discharged at the 
rate of (100 to (joo tons per liour.* 
There are quite a vaiiety of other 
types, but we will confine ourselves 
to a few words concerning the me- 
chanical coaling barge Herald of the 
L. cS: N.\\h Railway at Holyhead on 
the “ Holland " system. She has a 
capacity of 400 tons, and is fitted with 
two elevators, but, unlike the three 
previous types, without a conveyer. 

• — — — 

* For !i fuller (1(#( npt , 1011 see Enqineerxng of October 
19 , 1911, and The Engineer of lieceiiiber 31^1915. 
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Each of the elevators liandles loo tons 
per hour, so that the wliole cargo 
can be transferred to tlie l)unkers of 
a steamer in two liours. The two 
elevators rest obliquely in a central 
channel lengthwise of the vessel at an 
angle of about 45”. Tins channel is 
open at the top and commands the 
whole of the two ranges of bunker 
compartments one at each skU* of this 
passage. The elewitors are ])ort<d)l'‘ 
and can be i^kn'ed in turn so as to 
communicate consecuti\’(‘ly with tlie 
various outlets of the bunkers. As 
soon as one of the eh'vators has 
emptied one bunker, it is shifted to 
the next outlet, and so on. The 
elevators reach above the deck just 
sutficiently high to get an easy fall 
to the bunkeis of the L\ & N W. 
Railway Co.'s boats. Roth elevators 
and shoots are completely enclosed, 
and some of the exhaust steam from 
the engine is conducted into the top 
terminal of the elevators to prevent 
dust. The crew consists of seven 
men only 

Of more or less self-trimmir.g colliers 
for broadside coaling fitted with cranes 
and winches, there are many, and a 
few typical ones can only be mentioned 
here. There is the Elenor, on the 
Ayre-Ballard Arch prinqiple. The 


Sheaf Armo, capacity 3,100 tons, ha^ 
eight steam winches, eight derricks and 
gaffs and Admiralty spar gear. She 
has been specially designed to meet 
the re(]uirements of ships coaling the 
Tleet. The EUcrhcck and the Trans- 
porter, of the Blyth Shipbuilding and 
Dry Docks Co , Ltd., arc both htti'd 
with derricks and gaffs, two derricks 
and one gaff to each hatch, with two 
steam wanches. The Rouen, of Irvine’s 
Shipbuilding & Diy Docks Co., Ltd , 
West Tfartlepool, and Sir Riehord 
Awdry, by the Clyde Shipbuilding and 
Engineering Co., Ltd., Port Glasgow, 
arc fitted with eight Temperley Trans- 
porters 

Sir William Arrol & ('o , Ltd., ha\’e 
fitted quite a number of similar craft 
with Temperley Transporters for broad- 
side coaling of war vessels and merchant 
steamers. With their vast experience 
they have had a unique opportunity 
of designing the beCt vessel for the 
Temperley. The largest of such vessels 
w^e know of will hold 12,000 tons of 
coal, and 600 tons of bagged coal per 
hour can be handled with the plant. 
These vessels arc self-propelling. An 
example of a smaller vessel is given in 
Fig. 79. It is fitted with Two Tem- 
pcrleys and two hoppers resting on a 
telescopic framework, so that the 



hoppers can be adjusted to lit tlie with marine cableways could transfer 

side biinkeiing j orts ot the vessel to to a ciiiiser 500 tons oi coal in the 

be coaled. W hen thus ad|iist(‘d the daylight hours, steaming at 10 to 12 

Tempviley grabs the, coal out of the knots while doing so, 

hold and drops it \'ia the hopper, as I'^orhvdrometers luive been fitted to 
with a funnel, into the bunkers of the many colheis to ascertain the weight 

ship It seems extraordinary that our of their cargo, and these might, under 

own nayy possesses on^ one collier, certain circumstances, dispense with 

the Mcrct'di^s, of 9,900 tons capacity, the automatic weighing of the coal as 

and employs generally priyate colliers, it lea\’es the collu'r, as the reading 

The United vStates naval colliers, of the instrument bcfoie and after 

Jason, &rion, and Xcptiinc (sec Tigs 80 coaling will giv(‘ the amount sujiplied. 
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a^id 81) have capacity of about The broadside coaling of the U.S.S. 
19,000 tons each, and the coal is H (taken from a paper by 

transferred by the Spencer Miller Spencer Miller) took place at Guan- 
system (which somewhat lesembles tanamo Bay m the spring of 1914* 
tiic apjdiance known to us as the The Jastni used her eight booms 
Temperley Transporter) by 24 der- continuously, dropping coal at eight 
ricks and a like niimlier of winches, difterent points along the deck and 
These lug^e colliers, with their high- through the shoots of the Wyoming. 
sjieed broadside coaling gear, can coal The Kerens used six to eight booms 
three ships per day when the sea is intermittenljy on account of breakages, 
smooth. When the sea is moderate. All was made ready for the te?t the 
but not rough, .each collier ecpiipped night before— time tc> get ready .j^ot 
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given (usually 20 to 30 minutes work 
on the Jason). Coaling began at 530 
in the morning. Coaling stopped at 

8 o’clock for breakfast. Coaling 
resumed at 8.30. The Jason cast off 
at 9 30 o’clock, after delivering to 
the Wyonunf!^ a maximum of 41)5 tons 
per hour. The Nercus delivered to 
the Wyoming a maximum of 433 tons 
per hour. The Jason dehveied a total 
of 1,040 tons in three working hours, 
an average of 346 tons per hour. The 
Kerens delivered a total of 1,020 in 
3i working hours, ^n average of 292 
tons per hour. From 550 to, 600 tons 
of coal were heaped on board when 
the colliers left, and it required from 

9 o’clock in the morning to 4.30 in the 
afternoon to clear up and stow the 
coal left on board. The whole opera- 
tion of taking on and stowing 2,060 
tons of coal was accomplished in qj 
hours, an average of 217 tons per hour. 
Both the Jason and the Kerens coaling 
gears are able easily to discharge 100 
tons of coal per hatch per hour. In 
the official trial of the collier Jason 
137^ tons of coal were actually dis- 
chargei in one hour with one operator. 
At the conclusion of the trial Admiral 


Badg(‘r expressed the opinion that the 
Wyoming could at any time takt' on 
2,100 tons of coal m five hours from 
two colliers in smooth waters, stowing 
the surplus left on deck at leisure. 
From the al)ove it appears that from 
one collier the taking on and stowin^^ 
of 2,100 tons of coal would requiia- 
approximately 10 hours, being an 
average of 210 tons per hour. 'I'lic 
coaling rate in 1914 is, therefore, sevi n 
times faster than it was in 1893 

The U.S.A, Navy own a fleet of 
13 large colliers, more or less after 
this type, fitted for coal and oil fuel, 
as well as ii older and smaller ones. 

The American method of piling coal 
on the decks of battlesliips and clearing 
it into the bunkers afterwards is not 
approved of in our navy, and we coaT 
only as fast as the fuel can be stowed 
away, i c., 100 tons per hour. 

Broadside coaling is very well in fine 
weather in harbours and sheltered bays, 
but dangerous or impracticable on the 
high seas, and as it is impossible to 
choose a favourable day when re- 
fueling warships becomes imperative, 
the only methods are tlje end-on 
coaling by cableways, and to transfer 
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coal from a collier to a battleship 
under way on the high seas while 
one vessel is in tow of the other. 
I.et us ^rst realise the impoitancc of 
this process. 

IMPORTANCE OF COALING UNDER 
WAY. 

Hunkering is necessart’ every 7 to 
13 (lays, according to tlie si/c ot the 
shi]'), and when lilockading sonudiines 
10 to 2§) ])('!' cent, of tlu' ^hij')^ may 
be abscfit ;^t some ba^e K'ph'inshmg 
, their bunkcas, and it mav take se\'('ral 
d.iys to g('t to that base, coal, and 
K'turn, not to nnaition tlu' (.oal which 
IS (.onsiimed dm mg tlie jetitrney. Ships 
must, thereiore, either coal at s(m or 


w'hen submarines are pia^sent. Safety 
from submaiine attack also necessitates 
constant change in (.hrection of pro- 
gress. Now these movTinents do not 
attect the coaling by the marine cable- 
way, wink' the\’ make' broadside coaling 
practically impossible The Japanese 
liattleshi]) Hizcn (foriiK'rh’ the Russian 
battleship Rclvizan), which is fitted 
with the Spt'iicer MiIKm' m.iriiu' ('abk'- 
w'av, ainhoied m tlu' roads at llono- 
hihi in October, awaiting the 

exit ol the Oerman (luisei (n'lcr, and 
as slu' ariu’ed tlu'ie with liei bimkt'rs 
full and being 14 d.i\s out ol ^h)ko- 
siika, hei iK'au'st n.iwil (k'pot, she 
must ha\e ccialed on th(‘ wa\’ with 
her mariiK' ('abk'w.u' installation. 



leave the blockade for the smooth 
waiters of home ports t(.)r n^-fiiehng. 
With 100 ships on bkackade duty 
burning 50 tons per day, tlu^y should 
be rebunkered every ten days, so that 
10 per cent will always be absent, 
lavery time a cruisc'r retires from the 
patrolling line the bkxkade is weakened, 
to say nothing of the danger of attacks 
by submarines which lie in wait on 
the route to and from the coaling base. 
The Good Hope ai*d Monmouth lawealed 
tlieir position to the Germans by 
entering a harbour for coal and wTre 
sunk later by them. In the Japanese 
blockade in 1904 Togo in his bkx kade of 
the Russians at Vladivostock failed 
because the Japanese were unable to 
c(jal their ^ships at sea. 

The safest place to re-fuel is on the 
high seas going at a speed of, say, 
10 to 12 kpots, and this is just a safe 
speed at which it is necessary to move 


d'he m.iriiK' cabkivav has bec'ii 
experimented with by (‘very navy of 
any note, and a good many of the 
Russian ships earned the gear during 
the Japanese W'ar The Lidgerwood 
Manufacturing Company fitted the 
Russian battleship^ Rctvizan (now the 
Hizen) W'^th an experimi'iital ])lant on 
th^ Spencer Miller system, which was 
so satisfactory that t(‘n of the largest 
battleships of tl’(‘ Haltic hk'et were 
also so fitted. Whi'ii coaling, the 
vessels are joo ft. apart in a smooth 
sea and 800 ft. in a rough sea The 
Ameiican naval authorities experi- 
mented extensively with the same 
system, but improved, as lat(‘ as 
April, 1914, with very satisfactory 
results, the maximum speed of the 
conveying cable being 4,000 ft. per 
•minute. Our own naval authorities 
have expeilmented for 3'ears ^^ith a 
variety of plant on the Spencer Miller 



system made by Messrs. Tempeiiey, 
which did good work under favourable 
conditions. In rough weather, how- 
ever, when the compensation gear 
which kee])s the cable uniformly taut 
becomes overstrained, it heats up to 
such an extent that it becomes useless. 
The latest Lidgerwood-lVliller Marine 
('ablcway has a comjxuisating gear 
(which will be described later on) on 
an entirely different principle, which 
makes such occurrences quite im- 
possible. This system for coaling at 
sea has been adopted by tlie Ihuted 
States and Japanese Navies. 

To-day tlie two surviving systems 
out of many attempts for coaling at 
sea are, the reciprocating cableway 
(Lidgerwood-Miller Marine Cableway), 
and a continuous or endless rope 
apparatus (the Adam Endless Rope 
Coahng-at-Sea (iear) used by tlie 
(ierman Navy. The systems are bru^lly 
as follows : — 

The Spencer-Miller consists of a 
cable which runs at a high speed 
backward and forward, taking a bundle 
, of sacks holding 700 to (Soo ll)s. each 
journey, transporting about So tons 
per hour. When the vesseK, collier 
and battleship, are 300 ft. apart, it 
tak(‘s from 50 to (x) seconds lor the 
double journey.* 

1 ‘he Adam system is that m which 
an endless cable is always running 
in the same direction instead of back- 
ward and forward. The earlier form 
had the cable high up from the mast 
of one vessel to that of the other, 
and instead of being kept taut by an 
ingenious winch which will 'keep the 
cable in the same condition of tightness 
whatever the distance apart of the 
cr<ift, as in the Spencer-Miller systian, 
the endless cable is here kept taut by 
passing (at the collier end) o\’er a 
series of rollers up and down, like 
over a pair of multiple blocks. The 
lower set of these pulleys oarries a 
heavy weight, which is raised as the 


• A fuller (lescriptlon will be found in Mr Speiieer 
Miller’s paper read before I be So(iet\ ot Naval* 
Architects and Marine JOiyineers, Vol .22, 1014. which 
was fully reported in Enginveruig ol January 15 and 
22. 1915. 


ships separate further and is lowered 
when they approach nearer. The 
working of this system is continuous, 
but the loads are smaller and the 
speed of travel slo<A^er than the Spencer 
Miller system 

The tightening arrangement just 
described has been modified by Leue, 
who has in tlu‘ place of the weight a 
cylinder and plunger with compressed 
air, one set of sheaves being placed 
on the piston and the other set on 
the cylinder, similar to those on a 
hydraulic lift. (The HritisR Admiralty 
experimented with and discarded e 
similar device operated by steam.) 

The Adam system, as now perfected, 
brings the endless cable from the two 
masts down to the deck of the two 
ships at the terminals, which facilitates 
the hanging on and taking off of the 
saeks of coal. 'Die diagram. Fig. 82, 
shows the essential parts. At vhe 
terminal on the battleship the endless 
rope is forced to jirescribe a bight or 
loop by two additional sheaves, and 
from this surplus portion of the cable 
the dillenaice in the distance from 
craft to cialt is made good. The 
snatchblock S forming the bight n 
connected to a winding drum 7 )i with 
electrical cxjuipment, which will kce|5 
the rope taut, but if the tension 
excei'ds certain limits it wall pay out 
lope, w'hile it wall wand u]) rope w’hen- 
ever the ('onw'wa* cable show’s a 
tendency to become slack. The coal 
sacks are attached to the cable at h 
Here the endless ('able passes through 
a conical sleeve hxed to the deck of 
the collier, and each sack is hxed bv 
a sling loop of strong cord about a 
yard long. As soon as this is adjusted 
over the slex’ve, it is pushed off the 
cone on to the cable', the weight of 
the sack immediately tightening the 
sling loop on the cable. The two 
sheaves on the masts which the sacks 
have to negotiati' are set sufhciently 
obliquely for the sacks to pass un- 
interruptedly. At M IS a fixed knife 
which cuts the strings as the cable 
passes and leleases the sacks, which 
fall on to the cleek of the battleship. 
The capacity of this cablewTy is from 
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50 to 6o tons ])er hour in a moderate 
sea 

The (ierman naval antliontas liave 
adopted , tin' Adam systian after an 
€ vpenditureVjf over on experi- 

ments, but information as to liovv 
manv ships have been so httc'd is not 
obtainable. 

OIL-FUEL BUNKERING AT SEA. 

Without discussinp^ the merits or 
otherwise of oil-fuel, its employment has 
the decided advaintage that it can be 
bunkered cotnparatively (*asily The 
United States Navy have desipmed 
their battleships for thc^ last five years 
exclusively for oil-fuel, and our own 
battleships of the (Jncen Elizabeth type 
are also so fitted. In one haibour 
in the Caribbean outside of the Canal 
Zone a stock of io,o()() tons ol oil-fiu'l 
IS permanently maintained l)y the 
Uintc'd States, an amount about suHi- 
cient for the supply of division of oil- 
bmnin^^ l)attleslii|')s of th(vl; 7 :m/r/ type 

It has been siip/^i'sted in America 
tliat the oil should be bunki'n'd by 
the mariiu' cableway, liki' ('o.d, and 
that it should be t<d<en ovei in tanks 
holding a ton, but as it is mudi easaa 
to hav'(' a hose communication bcdweiai 
the vessels, whali lu-ed not be hiydi 
up out ol tlu' reach of tlu‘ water like 
tlu' coaliuf^ cable, but can be low down, 
the idea has never beiai exploited. 
The British Admiialty, sav'^ Mi Sptaiccr 
Miller,* have mast('i(‘d the ait of oil- 
bunkeimy^ at sea and the apji.iratus 
is cariK'd on then own oil tiink ships 

The follovvinj.^ is patheu'd fiom Mr. 
Sjieiicer Millei , the [iiouchm with twi'iity 
yiMrs’ Vxperic'iK e with th(' maiiiK* 
cableway 

The Jbitish Admiialtv napiire a 
l^)vvin^ sjieed of at heist lo knots 
while re-fuehny^ at sea. They coahM 
at sea in igof) at a spix'd ol ii knots. 
The British Admiralty’s tank steamer 
Petrolunn transhipped oil at sea at 
towing speeds above 12 knots d he 
method they I'liijiloy is practicable 
when the* sea is smooth, and is illus- 
trated in Fig (Sj. Shippnm Illustrated, 

' In a papw read before the Sooetv of Naval 
Architects and Marine KiiKineers, Vol 1014 


XovTinbcr 2nd, 1912, says: — "The 
operation of bunki'iing at sea while 
steaming at a ra[)id rate is regularly 
carried out by way of training. . . . 

Other nations hav'e now adopted this 
method, which is vTiy etlectiye, but 
needs great c.ire in seamanship and 
no little practice ’’ 

The British battleships tow the 
oil-tank slnp One hawser tows, and 
a secondary line supports the oil-hose 
by h.mgeis at fi(‘([uent intervals, 
d'his plan was tested by United States 
ships with ,1 small hose The tank 
sti'amer Petrolium carries 900 ft. of 
5 in. di. milder llexible bronze hose, 
weighing () lbs. to the lineal foot, a 
total of (S,ioo lbs. 'Idle distance be- 
tween ships is about ()()() It. The 
greater portion of the hose drags in 
loops m till' sea (si'i' Fig 8j), and this 
results 111 longitudinal strains winch 
tend to (1. image the hose. Tlie loops 
are also apt to gather down against 
the bow ol the towi'd ship, which 
altects till' tow'iig, and they form 
shaip bi'iids whii h m.iy shorten the 
life of till' hose Ivighty tons of oil 
j)er houi are thus tianshijiped. The 
United States d'rial iFiard, testing 
this nu'thod betwi'eii the fuel ship 
Arethiisa and thi' destioyer Warnrv^ton, 
used a 2I, m hose ddiey rejiorted 
the difruiilties substantially as men- 
tioned above 

h'lg. Sj mdiiaiti's diagramm.dically 
an improved .iiraiigemeiit for support- 
ing the oil-hose while transhijijnng oil 
at sea. The same si/ed automatic 
tension engine atid carrying cable 
usikI in •the maiini' cableway are 
riHjuired for a pioper suppoit of the 
oil-hose liei' ot the sea An oil-hose 
su})]iorted in this manner jieimits oil- 
bunkeiing to be carried on 111 heavy 
seas, d'he automatic tension engine 
lurnishes the necc'ssary elastic medium 
for paying out and taking m the 
sujiportmg cable as demandc'd by the 
motion ol the ships. It maintains a 
unifoim tension on the supporting line, 
and prevents any lashing or whipping 
,of the hose while the operation is 
being carried on in a heavy sea. 
The weight of the 5 m. metaT hose 
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and the oil to be supported by the 
susj)ended cable is double the weight 
of the carnage and coal-bags of the 
marine cableway. The necessary ten- 
sion in the supporting line would be 
the same in both instances. 'I'he oil- 
hose is a uniformly distributed load ; 
the bags of coal a concentrated loacl 
frequently m the centre of the span. 

Ihe automatic tension engine now 
installed on the collier Cyclops will 
develop a tension of 18,000 lbs , and 
will sustain a 5 wi. flexible bronze 
hose and a i in. diameter *.ivv\ \v;jre 
rope on a span of 600 ft. with a de- 
flection of about 58 ft. The rear mast 
of the Cyclops, with its heavy pulley 


blo('k secured to the mast-head for 
coaling at sea, is needl'd tor oil- 
bimkermg at sea The collier Cyclops 
carries oil-fuel and coal. Many of tlu' 
United States battleshijis burn botli 
kinds ot tuel. 1 lu^ ( vclops can d('- 
livc'r either fuel if provided with a 
suitable oil-hose, reel, and oil-pumjis 
Oil-bunkermg at sea bv this metliod 
can be carried on 111 a hi'avy sea, the 
time recpiired for setting uj) and 
taking down the hose would be re- 
(iuced, and all damaging strains in tlie 
line minimised. 

The Automatic Tension Eni^int . — The 
latest type of tension engine in use 
with the Lidgerwood niarine cableway 
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and liquid fuel bunkering plant is a The steam for optVating the engine 
self-contained unit. It has two steam is iiftroduced into the cylinders through 
cylinders driving a common erankshaft, a novel form of controlling valve. 
A pinion on the crankshaft drives a This valve regulates the amount and 
gear firmly keyed»to the drum spindle, pressure of the steam supplied to the 
^riie drum is connected to the drum cylinders. A coarse thread is cut on 
spindle by huge coil springs, allowing the hub of the drum (sec I'lg. 85) 
a limited rotation of the drum on its The drum itself forms a running nut 
spindle. Any change in tension in on the hub, so that the limited rota- 
the rope causes the drum to rotate tion of flie drum on its spindle, or 
slightly on its spindle, and this motion rather upon its hub, will cause a slight 
is utilised^ to operate the controlling lateral motion of the drum. This 
valve which increases or lowers the movement is transmitted by a lever 
steam pressure correspondingly. This connection between the drum and the 
spring-druip construction, therefore, is steam valv(f in such a way that the 
a feeler or detector of tension changes, steam supplied to the cylinders *bears 



a definite relation to the tension in 
the cable. 

Fig. 85 illustrates a small automatic 
tension engine. It shows ])art of the 
drum in section, revealing the volute 
springs and on the left-hand side the 
thread on the hub, together with the 
control lever reaching right down to 
the pressure-control valve. A slight 
increase in the tension of the cable 
produces a reduction of the steam 
pressure, permitting the rope to over- 
liaul the engine and restore the tension 
to normal. A reduction of tension 
produces an increase of steam pressure, 
again causing the engine to act as a 
take-up to restore the tension to 
normal. The tension developed by 
this engine in pulling m is slightly 
less than the resistance set up in the 
cal)lc to overhauling, but for all 
practical purposes the tension is uni- 
form and constant. F.xperimeiits at 
the testing-station have been made in 
an endeavour to determine the interval 
of time between tlu' slackening of the 
cable and the starting of the engine, 
but no one has been able to measure 
the interval. To all intents and pur- 
poses it is instantaneous. 

In addition to the automatic control, 
the engine is provided with means for 
manually legulating the tension by a 
hand-wheel. If this be moved one way 
it increases tlie timsion, and in the 
other wav it decreases it. In prac- 
tice, tlu'refore, after the main cable 
has been secured to the battleship, 
the o])eratoi turns this wheel by 
degrees, gradually nicreasmg the work- 
ing tension of the mam (tible. -An 
indicator on the engine shows what 
tension is being maintained at the time. 

The automatic tension engine pist 
described is one of the only two 
devices at present known which can 
compensate and maintain a uniform 
tension in the cableways for re-fueling 
end on under way. The otlier is the 
Adam tension winch, which foims the 
essential portion of the apparatus 
adopted by Germany. I'hese two 
appliances perform successfully what 
the sea anchor failed to ;lo. Piston 
(be it" pneumatic, hydraulic or steam) 


or weight compensation, with block 
and fall, have proved to be impractic- 
able, as they do not allow sufficient 
latitude, which in the opini^'ii of Mr. 
Spencer Miller should not be less than 
200 ft., besides there are other inherent 
weaknesses, into which we cannot enter. 

THE MECHANICAL TRIMMING OF 
COAL IN THE BUNKERS. 

The great saving of human energy 
which can, as we have sjen from 
the foregoing, be achieved over 
and over again by judicious capital 
expenditure, is not by any means 
limited to the operation of getting 
on board and into the bunkers 
of the millions of tons of bunker coal 
which we annually dispose of, but we 
can record a further saving by me- 
chanical trimming m the bunkers 

From the last Board of Trade 
Returns (for 1913) we learn that 
about 24, 000, 000 tons of coal are 
annually shipped as bunker coal for 
navigation purposes, and we shall not 
be lar from the mark to assume that 
half this amount, say 12,000,000 tons, 
are put on board by hand at an ex- 
pense of about pd. per ton. Using 
self-trimming colliers and lighters, this 
can be done at an outside and in- 
clusive cost of 3d. per ton, equal to 
an annual saving of {300,000 ; and 
if mechanical trimming m the bunkers 
of 50 per cent, of this quantity, or, 
say 6,000,000 tons, is added a further 
saving of 2el. per ton can be efiected, 
winch gives a total saving of {350,000 
per annum. This further saving of 
{50,000 will be made apparent in the 
following. But let us first unrlerstand 
that it is not only men we must 
release ; the saving of both men 
and money is absolutely necessary, for 
to win this war we want both. 
Cheapening any process is in substance 
tantamount to the saving of men who 
may be better employed, and it is 
only by the adequate provision of 
money, or money’s worth, that the 
fighting forces can be efficiently main- 
tained, and in increasing numbers 
equipped and munitioned. 

The bunker capacity of large liners 
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IS from 6,000 to 8,000 tons, and under 
normal conditions the bunkers are 
refilled or replenished thirty times per 
annum. If the usual side bunkering 
is employed, whether by hand or by 
mechanicall>^ equipped 'colliers, only 
about one-half the coal can be de- 
posited by gravity, and if the bunkers 
are to be charged to their total capa- 
city, the other half of the coal will 
have to be trimmed, and it usually 
takes from 80 to 100 men to keej) 


pace witli the coaling il theie is to be 
no delav and the ship got ready for 
sailing at the scheduled time. 

Now this trimming can be done by 
a machine which is c.ipable of throwing 
the coal to a distance of 50 to 60 ft., 
and it such mac hines are jilaced under 
the shoots from the coal ports on both 
Sides of the VTssel, the bunkers can be 
completc'ly lillcxl. u > 

The ])rogcMutor of this machine was 
dc^signed bv the late M de Hroiiwer, 



of Hot Coke Conveyer fame, and it 
was first utilised to send a continuous 
stream of coal into horizontal gas 
retorts (see log. 64). Messrs. W. J. 
Jenkins & Co., Idd , of Retford, have 
exploited this idea, and its marvellous 
success must he pla('ed to their credit.* 
Id'om 20 to 40 such machines 
are necessary for a larg(‘ liner, the 
exact "'number depending upon the 
arrangement of the bunkiTs. If 6 
such machines are fed simultaneously, 
tlie trimming can he jHadornnal in 



about 18 hours, and adding to this 
18 hours for getting that coal in which 
requires no trimming, the bunkers can 
be filled in 3b hours. 

The first of these mechanical trim- 
mers were installed on the Olympic, 
of the White Star Line (after an 
experimental trial on the Celtic). The 
cost of mechanical trimming is 6 5d. 
per ton, while with hand trimming it 
is S.^d. The cost per tones maeV; up 
as follows : — 

d. 

Power . . . . . . . . 0.4 

vSupervision . . . . . . . i.o 

Maintenance and depreciation . . 2.1 
Drivers, and incidental expenses. . 3.0 

T( 3 al .. . . ..6.5 


♦ This iiiaLhiiie was lullj dcsdibcd h\ Air. (’ceil 
Walter Ward, Assoc Af Inst C K., in a pancr contn'- 
hiitcd to tlie Institution last yoar, to whom the 
autho^ IS indebted for some of tlie particular'i. 


The outline of the installation is given 
m Fig. 8b.^ 

We may understand the simple 
principle on which the machine works 
best from the diagram, Figj 87. An 
(aidless band ik led by three pulleys 
to describe a ct'rtain path, which is 
further modified by the large drum 
which is pressed against the band, so 
that it is cfiiused to revolve with it. 
This large drum was originally hollowed 
out on its face to form a channel for 
the coal, which is ejected with great 
force in the direction of tho'* arrow on 
the drawing, but m the jiresent machine 
it consists of two pulleys each 6 in. 
wide to leave a clear space of 18 in. 
for the coal. 7 'he steel spindles upon 
which the drums and rollers are 
mounted run in roller bearings, the 
upper guide-roller being supported in 
adjustable tension-brackets to keep 
the band taut. The band is 2 ft. 3 in. 
wide, built up of rubb('r and canvas 
to a thickness of | in. The motor is 
of 30 h.p., with a variable speed of 
900 to 1,200 revs, per minute, and 
on ai'count of the dust is totally 
enclosed The controller is fixed inde- 
pendently to the bulkhead, and will 
permit of five speeds of the motor. 

The machines run on rails, so that 
they can be movcM out of the way as 
long as the coal can be lowered by 
gravity, and the carnages upon which 
they are mounted aie arranged as 
turntabh's, to permit a delivery of the 
coal fore and aft as well as athwart 
ship. 

The hopper of the machine receives 
the coal direct from the shoot at the 
side of the vessel, and from here it 
passes in a vertical direction and 
parallel with the moving band on which 
its progress is charged into a hori- 
zontal direction. The contact of the 
coal with the band gives the former 
the necessary kinetic energy to travel 
in free Ihght across the bunker, the 
speed of the coal being practically 
the same as that of the band. For 
mixed coal, large and small, it has 
been found that a band speed of 

" Jly the courtesy of the Council of tlie Institution 
of Cnil Engineers. 
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3,500 por rnir.iite is ncccssaiy. The 
space occupied by the machines in 
the bunkers reduces the capacity of 
the latter by about 4 tons of coal per 
machine^ The weij^^ht of each machine 
js about 2^ tons, and* with its motor 
4 tons. 

PORTABLE LOADING AND UN- 
LOADING DEVICES. 

As the lesult of two yeais of war, 
the scarc'ity of laboui is more 
felt tlKtJi ever, and those of the 
toilers still '•awolable ari^ often inetti- 
cient and lacking m reliabilitv' Poit- 
able loadni;^ d('\’ic('s should tlu'udore 
take a foii'inost ])osition m all indus- 
tries wheri' labour must be sa\ed bv 
a modihcation of tlu' existme nunius 
operand}, and wlu're it is dillKult 01 
impossible, owinj; to the pii'staU cir- 
cumstances, to install lar^i'r plant 
Tollable plant is attractive foi s(>veral 
reasons. It re(|uir(‘s praiticallv no 
foundations, and is apjihcabh' to a 
pu-eateroi lessei de|:;ree lor tlu' same 
(lass of work which is performed bv 
more c'ostly stationary plant, thoiiyh 
not quite so c'conomical on account of 
havin^^ to be moved from placi' to 
place by hand, but yet tlx* savmi,^ 
effected is so f^nxit that it should be 
installed at once wlu'it‘\’(‘r ])ossibl(! 

The storini^' of coal, ore, and other 
bulk mat('n<d in the ordmarv wav by 
hand stackin.^t upon unprepared ground, 
and conversely its reclamation, nqire- 
sentte a considerable cost per ton in 
labour alone, not to mention the f:;reat 
numbin' of men so wastefully employ'd. 
Practically eveiy industrial cstabhsh- 
ment, 'be it mine, lailwav, factory, 
('tc., store's some form of loose material 
m bulk 111 lar^e or small (]uantiti('s 
•at various times and jdai'es, ynierally 
m the open, d'his material will pro- 
bal)ly be brought by truck or wayan 
and is usually stacked by hand, and 
when the time comes for its removal 
it is often so replaced m the truck 
again. 

In Fig. 88 a photograph is repro- 
duced which .shows a fine lot of fellows 
(the best raw material for the army). 


the class of labour used h^r hand 
stacking Such ,i sc('ne is familiar to 
e\'er\on(' who luis to deal with railway 
and dock work No one' can call such 
an e.xtremely primitive method any- 
thing but inisatisfactorv , wai or no 
w.ir. It adds tlu' uniiect'ssary ('\pense 
of from 4(1 to is , .uaoidmg to cucum- 
stanct's, to the c'ost of c'\ er\ ton 
handled, whuh. mou'ovi'i, is .ibsoluti'U' 
<i w.istt' expense 80 to ()o p('i (t'ut 
of these ideiitu'.il nu'ii have' bi'cn 
replaced by tlu' .Mitchell St.u k('r and 
Loader, maik' by Messi-^ hVast'i' A 
( h.iliiK'rs, Ltd, and evt'iy machine 
iilstcdled will ha\(‘ the same bt'iU'luMl 
elle('t It Is a simple ni.ichiiK' that 
can b(' handled by the loiiglu'st iin- 
skilLal labour, that i('(pm('s xa'iy little 
powei, .md it will pa\ loi itsi'll m a 
veiy shoit tmu‘. It consists of .m 
oidm.iiy band conveyei, mountc'd m 
siK'h a way that it can be extc'iidc'd 
m ('ither direition, tuiiu'd on a pivot 
to any position m j)l.m, racked to any 
angle of mdiirdion, and wFeeh'd along 
to any position rispiin'd. The tele- 
scoj)ic movement is pc'ifoinied by a 
lack and pinion, the changing of the 
mchmition by a snml.ir d('vi('(', wFilc 
a man ('an easily ri'Volv(' tlu' nuu'hme 
by hand about the ceiitu' ])in, or wheel 
the whole along tlu' tra('k. 

Tlu' driving powa'r is iurmslKxl by a 
small st('am engiiu', ('h'ctiic motor, 
or by an oil engine Tlx' lo.iders are 
m.id(' for ca])a('iti('s up to 200 tons 
pel hour, and wall taki' ,mv si/.e 
material. 

The machine as showai m log 89 
is us(^(l as a stacker. Tlw ri'ceivmg 
Ix^pper placr'd close to the door of 
the truck to be dischaiged and the 
delivery end extended as rcatuired. 
riie material to be st<i('k('d is then 
rak(,'(l Irom the truck into the hopjx'r, 
from which it is conveyed to the heap 
by the band. Several raiLtra('ks can 
be placed parallel to one another at 
regular* intervaF if a ' 4 arg('r storage 
area has to be lilled. 

Fig. 90 shows the same machine as 
a loader, for replacing the material 
back in tlie trucks. It is simply 
turncal roynd and the hopper allowa'd 



to bear against the heap. The mate- 
rial above the level of the hopper is 
then raked down into it, and all below 
(about 2 ft.) shovelled into it. As the 
heap recedes the conveyer cxt('nds 
automatically by its own weight, so 
that the hopper is always kept tight 


The cost of upkeep and depreciation 
of this machine is less than that 
required on baskets to do the same 
amount of work. 

This conveyer can also be used with 
great advantage for handling sacks, 
etc., and for loading vessels at the 
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against the heap. The only material 
that has be shovelled is that 
actually below the hopper level, and 
the work on this comparatively small 
quantity is identical with the filling 
of baskets in the old method, without, 
however, all the carrying „and lifting. 


quayside where no special loading 
machinery is provided. 

The annexed table gives the dimen- 
sions and capacities of the different 
sizes of the Mitchell Stacker and 
Loader : — 




A poi tSl)lo«band conveyer mounted 
•on two large road wlieels ib in.ide by 
Messrs Spencer d: Co., Ivtd , and is 
sliown in Fig. 91. Tins can b(‘ usihI 
tor goods in sacks and a great varudv 
of other articles e.xccpt bulk goods 
The conveyer is about 50 ft long and 
entirely self-contained with its electric 
motor and driving gear. Any number 
of Hints can be so arranged that one 
delivers on to the next, and the 


practually unlimited (leneiallv the 
macliines are ustnl tor convTvmg from 
a waix'housi' to a vc'ssi*! 01 railwav 
truck, and vice’ vi’rsa, and .iFo lor 
removing goods from om' pait ot a 
wauFoiisi' to anothcM' 

Portable appliances for stacking sacks 
are also made by Messrs Sjiencer, m 
winch both a (aiiivas rubber band and 
special chains are used as the mech- 
anical medium to eh'vatc' the sacks. 


distance thus covered by the goods is Floor space m warehouses is too 
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valuable to accoinmobate only a siuf^^le back when an incline of over 20'^ 
coxa’i'ini; of sacks, and to store tluan or thereabouts has been reaclual 

two deep IS all that can be done Both machines have a considerable 

conveniently by manu.d labour. The range of adjustment, 

third layer would be costly to jilace The portable inclined conveyer with 
by hand and gang-planks, not to speak the band (lug. 92) will deliver at any 

of stacking them right up to the point between 7 ft. () m. and 15 ft. 

ceiling or roof. Machines which wall (> m from the ground. The varying 

do this work, made by the afore- incline of the conveyer is adjusted by 

mentioned firm, are shown m Fig 92. hand and screw gear which raises or 

htted with an endless canvas-rubber lowers the framing from the axle of 

band, and in lugs. 93 and 94 with two the two large diameter travelling 

cmdless chains connected by traverses wheels, the receiving terminal of the 

running on wheels at each end. The band remaining permanently in the 

canvas-rubber band is provided with lowest position An automatic feeding 

hard wood slats to increase the friction device is coupled to and driven from 

between the sack and the band, and the main conveyer, in the' form of a 

thus |)n‘vent the sacks from sliding small auxiliary slat conveyer. A special 



FIG 02 — sl^FNC'ER’S ENDLESS nFJ.T S.ACK STACKING MACHINE 



FIG 93 — SPFNCEK’S ENDLESS CIUIN SV(’K STVOKING M\('HINE. IN LOWEST I'OSITIUN 


sack-truck is shown in the illus- 
tiation, with a steel plate hin/^ed .it 
it'' lo^'er end. The lo.ided truck is 
run upon tlu' woock'u rani]), also 
shown, and on the hinged pl.ite being 
rc'k'ased tlu' saclc slides ott tlu' tiiu'k 
\a.i th('«fe(ak'r on to tlu' convevei 
Si'veral men can ti'cd the b.ind with 
sacks while one man st.inds on toj) 
ot tlw' stack and adjusts tlu'in on the* 
pile As a matter ot fait, tlu' con- 
vex la will take th(^ sacks as last as 
the\’ can be ])ut on. 

The electric motor which diivi's the 
cpnvever as w’ell as the ge.irmg wTich 
latter reduces the speed from .i com- 
paratively ^fast motoi to a jiiduious 
band speed of from loo to 200 ft per 
minute -are snugly stowed away be- 
tween the fpammg and in steel casings, 


so that the machines can be left m 
tiu' h.inds ot the most unskilled 
labour All they have to do bi'vond 
k'edmg the (onvc'yi'r is to move it 
into flesh position^ and adjust the 
mcluie as ^)cc,ision arises 

1 'he ('hain-driven s.u k-piling ekwator 
is showai 111 two positions hig (j j 
represi'iits the m.u'hine m its lowest, 
while lag. ()4 shows it m its highest, 
working ])osition, tlu* diheienct' m 
luaght bt'ing ii ft and 22 ft above 
the ground. TIk' hand-winch adjust- 
ment wiU, ot course, jicWnt of an\' 
mtiTinediate position The machine is 
mounted m this c.ise on four swivelling 
wheels for e.isy turning. The motor, 
countershaft, *and chain drive to the 
low'er fermi^al are all clearly visible 
m the illustrations. 
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Fig. 95 represents a sack stacking oi any height. The motor which 

elevator of the Hepburn Conveyer Co., drives the elevator is reversible, so 

Ltd., Wakefield, which needs no further that the same apparatus can be used with 

explanation after the preceding de- equal facility for forming the stack and 

scription of a similar device. The for removing pa^^kages from t?ie stack, 

speed of the sacks is given as 8o ft. Hinged tables or platforms are provided 

per minute, and they can be stacked and these can be used in the following 

up to a height of 25 ft. manner By means of a hand winch 
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\\1iere gowds m cases or similar one ot the tables is adjusted to the 
articles lutw. to be stackeci, Messrs, same level as the existing stack, or 
Spencer recommend their vertical ele- thereabouts ; the motor is next started, 
vator in preference to the inclined so that the elevator will ascend at 
machine, and such an appliance is the side remote from thatf on which 
shown m Fig. 9b. The overall heiglit the platform has been adjusted. Any 
of this jiarticular machi^ie is about packages placed on the recej^tacle on 
23 ft., but it is made for warehouses that side of the elevatoi' will now 


100 



ascend, negotiate the upper terminal, 
and descend on the other side until 
the platform is reached, when the 
receptacle continues on Us downward 
patli, k'avmg the pa^'kage, however, 
on the pkUform, where a man rectaves 
it and translei's it to the stack In 
oidei to disjxase the sPu k, the .idjiist- 
meiits are slightly iiKidihed. The 
motor IS r('\’(‘rsed, that is, runs m tlu' 
o[:)|K)site direction, and li a pai'kage is 
now lemoved from the st.u'k and 
placed iJ|)on the pl.itform, oik' of th(‘ 
now asciMK^ng recejitacles will lift 
* it fiom the ])latfoini, ascend ovia' the 


slipping backwards when the ship is 
high out of the water and tlu' con- 
veyer is working at a steep incline. 
The machine is driven by an electric 
motor through suitabk' gearing at the 
side ol the conveyer. It is mounted 
on a })air of laige diaiiKUer load wlu'els 
at .d)out the centre ol Us length, and 
it Is also litted with a pair of smaller 
wheels at either ('Atremity 'ktu' ovit- 
.dl length of tlu‘ convi'yt'i is 5; It. 
The apparatus is revia'sibk', so that 
b.iggagi' can be dischargial lioin the 
shij) on to the (piay 

Similar b<iggag(' ('onviweis an* made 



upper terminal of the elevator, and 
descend on the* other side until it is 
Impeded by a similar platform, which 
wall arrest the package while the 
receptacle proceeds on its endless 
journey round and round 

Baggage conveyers (see Fig. 97) for 
•taking passengers’ luggage from the 
wharf and discharging it on the decks 
of large ^Atlantic liners. The baggage 
is placed on an endless belt 4 ft. 3 in. 
wide, fitted with wood slats which 
prevent any possibility of the articles 


telescopically, to shortiai them when 
not in use, in order to facilitate their 
movement on the quay 'bhey are 
only 30 ft long in the closed position, 
and can thus be utilised for all dis- 
tances between 30 and 50 ft. The 
makers •of these maclffl!^ are also 
Messrs. vSpencer & Co., Ltd., of Melk- 
sham, whose labour-saving devices are 
so well know'll. 

An^ armour-plated band conveyer is 
shown in th'ig. 98 in side view, and 
Fig. 99 in end view It is 25 ft. long. 
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but can be any length commensurate 
with easy transportation. Such con- 
veyers are used for handling gritty 
materials and run at from 50 to 120 ft. 
per minute. They arc also used to 
convey bricks from tlic kiln to motor 
lorries, carts, or railway trucks, and 


in the side view, and two adjustable 
stanchions, one at either end, keep 
the conveyer steady. These latter 
supports are really not necessary, but 
as the conveyer is kept in the same 
position for some considerable time 
while each kiln is being emptied, it 
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Fig. 100 slniws one thus en^ployed. was thought quite worth while to fi.x^ 

Like all the foregoing examples, this them well in position and thus piotect 

conveyer is driven hy electric motor them against accidental disarrange- 

and is portable on fair * sized road merit. 

wheels. Its height is adjustaWe by • The endless belt is of solid-woven 
means ^of the four hand wheels shown bituminised cotton canvas, r and the 








irmoiii' ])lating is intro^luccd to iirotcct 
die helt^irom the cutting ettect ot the 
bricks The steel strips are lieavily 
japanned and tastened to the l)elt by 
two or three proUfged tasteners clinched 
over on the underside. 

Before the introduction ol these 
conveyers the average cost ol loading 
into carts by hand was per i,ooo 
bricks Only one vehicle could be 
foaded at the time by two men, and 
this took on an average one hour. 
W'e use the term “ average ” advisedly, 
because at the trout ol the kiln it will 
be recognised as infinitely less costly 
than, when the bricks have to be 


brought light from*th(' inside oi back 
poiTion of the kiln With the con- 
veyer m operation the same tw(3 men 
load m one hour three motor lorries, 
e<]ual to the work of si.\ men lormerly. 
It must also be pointed out that in 
addition to the actual saving of labour, 
the vehicles are not standing idly 
waiting, as they formerlv did 

The cftst of loading bricks is 

now a small fraction over yd , which 
sum mclucU's power, men’s labour, 
iipkeej) aiid^wear and tear, renewals, 
mtere'j; and redemption chaiges, m 
fact, everytiiing and on a liberal scale. 
The threefold increase of turnover 



means also that the kilns do not cool 
down so much, as they arc available 
for new charges much quicker. One 
man can wheel the conveyer from 
phu (' to pla('e on a well-paved vard, 
l)ut when the yard is soft two men 
ar(' |■(■(plir('(l, and the same two men 
( an do all that is necessary to adjust 
I lie eonr/c'yer in position, connect the 
lU'xihle metallic hose encasing the 
wii(‘, start the current, and then load 
tli(' ( onv('\a‘r. 


of the Hepburn Conveyer Co , Ltd., of 
Wakefield. 

Portable bucket elevators are very 
suitable for reclaiming the #. deposits 
from settling fanks or pools which 
arc frequently found in connection 
with mining plant. Whether such 
tanks are enclosed by concrete walls 
or whether si?nply holes in the gioimd, 
it matters not, but as the portable 
('levators are mounted on rail tracks, 
it is more economical when Laying out 
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A similar conveyc'r is shown **m 
Fig. loi. It is suitably mounted on 
a lattice frame hingixl to fixings on an 
ordinary Bolster wagon, and arranged 
with a sliding base and composite 
petrol motor driven gearing. It is 
used ill connection with railways, 
gasworks, ^ijrries, and in any place 
wdiere staclos of granular material are 
to be loaded or unloadial. 

log. 102 is a similar conveyer, but 
instead of running on a nailw'ay track 
it is fitted on a motor lorry bane and 
broad, -traction wdieels for ^ase on soft 
ground. These conveyers are the work 


< 

lU.NI) ('ONNEVKR, SIDE VIEW 

a new settling pool to givQ it an 
elongated rectangular form, not less 
than 50 \'ards long, so that the elevator 
can reach right acros*/, and best o.f all 
to have one such pool on each side of 
the rail track. 

ILually such elevators are of the 
non-enclosed chain type, and as they 
generally work in an inclined position, 
the chain of buckets must be fre- 
quently supported by gnuje rollers. 
The whole of the elevator is supported 
at its centre on trunnions resting on 
the portable steel frame. The power 
consumed m driving speh an appliance 
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IS 6 h.p. for a capacity of 20 cubic yards 
per hour. Figs. 103, 104, and T05 
show different ways of applying the 
apparatus. 

By the kind permission of The 
Engineer, we give the following de- 
scription* of one of the latest of the 
many labour-saving devices used in 
the United States. It is a portable 
and self-propelling elevator for loading 
loose materials— such as sand, gravel, 
broken stone, coal, etc.— into carts, 
railway wagons and wlieelbarrows. It 
IS made m different forms, one of 
which is represented in Fig. 106. 
Here a steel frame carries an endless 
chain of buckets which pick the 

* From The ot Jmic 27tli, I'M'} 


material off the ground and discharge 
it at the top into a bin and spout. 
'J'he frame is mounted upon a pair 
of “caterpillars," each of^wkich has 
its own motor, the machine being 
turned and steered by varying the 
speeds independently. It can feed 
itself against the pile of stone or 
gravel, and can move about the yard 
at a speed of 75 ft. per minute. Its 
weight is a little under ^ tons. It 
measures about 15 ft. high ^’overall, 
7I ft. wide, and has a< bearing of 
4J ft. between centres of “ caterpillar " 
sprockets. The 25 buckets ha\a' a 
capacity of one yard, and discharge 
at the rate of thirty buckets per 
minute, so that fully one cubic yard 
per minute is delivered. Th(' liucket 
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i^iiip-Discl.itTging Grain Elevators at Meadowside frananes, Clyde Navigation Trust, Glasgow 
capacity 25C tons per hour eacn Erected by Spknchr & Co., Ltd., Melksham. 



chain is driven by a steel link belt 
which passes over a motors Iriven 
drum on the frame and over a 
sprocket on the bucket shaft at the 
head of tl^e ladder. M4)tors of 5 h p. 
are used. 

For loading into wheclbairows and 
tubs or into the small railway trucks 
used at quarries and stogie crushing 
plants, this high machine is replaced 
by one having a ladder frame of a 



much flatter angle, or even horizontal. 
Some of these machines have to revolve 
by furling the entire machine, as m 
^the case illustrated. In others, the 
gladder frame is mounted on a turn- 
table base on the underframe, so as 
to revolv® independently of the move- 
ment of the “ caterpillars ” These 
weigh from 3 to 10 tons, according 
torSi/i, all being of the sann^ general 
type, except that the buckets are 
driven by gearing from a motor on 
the ladder. A development on a 
larger scale is a machine for unloading 
badges and railway wagons In this 
case a gantry spans the rails or canal 
slip, and tn it traverses a frame 
carrying a curved ladder or bucket 
boom which can be raised, lowered 
and swung us desired The vertical 


end of the ladder e.xtends into the 
hold of the boat or the body of the 
truck, and from the upper horizontal 
end the buckets discharge material 
upon a conveyer belt. These machines 
are being introduced by th(‘ (leorge W. 
Jackson Manufacturing ('ompany, of 
Chicago. 

The [effrey Loadta* is a most \’g satile 
machine on similar lines, and is 
('\e('ut(“d 111 a varietv of (h'signs 



dilfering but little m outer apj)earance, 
but embodying attributes winch make 
tlu'in applic.dde to all kinds of loading 
from oil the ground to anywh('re 
within their re.ich When tlu* first 
machines were designed they were 
intended for handling anthracite coal, 
but they are now •made to handle 
smalW bituminous coal, sand, gravel, 
line cement, fertiliser, and such-hke 
materials. They can be moved ac- 
cording to the condition of the ground 
by one or two men, and if it is de- 
sirable to load or unload some distance 
off, the loader can be hitched to the 
wagon and hauled to tl#c‘ scene of 
action Tiiesc loa<iers made 

with and without feeder attachments, 
the use of which is of considerable 
advantage, as this device pulls the 
material to th*e elevator buckets and 
cfispense? wit^ human labour for ]3ush- 
ing the material down the pile into 
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ik; ids --jr,i miA i.ovuia i\ ikm ''K h condi cion 

the machine. Tlie fi'edei C()nv(*yer it from becoming entangled with tlie 

can be raised and lowi-red by ('abh^ running niacliiiKay , a shaker siat'en 

and hand-winch ; the cabh* runs can b(‘ providi'd l)v hkmus oI whudi 

through telescopic pipe's which |)i()t('( t tlu' <'oal, e'tc , can be sifted Ix'fore 
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M(J no .FPnRKY l,OU)KR WITH S('RKK\, HANDLING SAND 

loading. The* machines are made st'lf- the sliaking screen the coal can he 

propelling, and require only one man made to drop into a bag hopper after 

to operate except when the elevator having been screened, the sacks are 

is raised or lowered, when two men attached to the discharge spout, and 

are temporarily necessary These are filled by opening a valve. Or a 

machines are built for capacities of shoot can be provided which extends 

from 40 to 60 tons per hour An to one side of the machine, so that 

attachment may also be liad for bagging the sacks can rest on the ground while 

the material, particularly coal , by being filled 

raising a hinged plate at the end of With the previous description of 



FIG 111— Jeffrey loader handling crushed stone 
110 




•H(. 112— IKI'FKK\ l.dMIFR H\\1)I-IV(1 WTIIK VCITF, ('i)VL \NI> SFKKKMVd IT VT TIIK S\Mi: TI\IF 

Minilar machines the accompanying driven loader handling s;ind at the 
illustrations should require no further rate of one cubic yard per minute 
explanation. Fig. 107 represents the (note the serrated edgi* of the buckets), 
general arrangement of the type of In Fig no we have <i loadiT eijuipped 
the machines, Fig 108 the machine with screen and dust hopper for 
housed for transport. The dust hopper handling sand Fig rir represi'uts a 
is removed and is seen lying on the loader driven bv a gasoline engine, 
ground log loq shows a motor- handling crushed stone from a storage 
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pile to a railweiy truck 112 is a 

loader handlin^^ anthracite coal and 
screenin^^ it at the same tiini' 

For handling h'rtilisers these loaders 
are most successfully used, taking, for 
instance, the raw material to the mills, 
whereby practically all shovellers are 
ehmmati'd, and the number ot wheel- 
b.irrow and car men is reduced, as 
they do not ha\'e to wait for their 
load. When opcTatmg on a pile of 
liard complete fertiliser, a loader will 
dig itself m automatically until the 
material thus undercut breaks loose 
from above and sometimes even burie^ 
the lower end of tl^^ machine, but such 
a caving in will in no wa^ inter fen* 
with the handling, and m case of a 
jam the clutches will slip and prevent 
breakage. When loading soft goods 
no pickers are ma'essary on the pile 
as the material will likewise slide down 
to the loading point All shovelling, 
with the exception of that of one man, 
can be d^ej^sed with, and he is only 
used to clear away under tfie wheels 
of the machine as she moves into the 
pile. Fig. iig shows the old-fashioned 
method of handling fertiliser by hand- 
shovelling, and at the same establish 
ment the intrcnluction cv' the Jeffrey 


Ja)ad('r has dispensed with hall tl e 
men. and the scene appears now 
shown in Fig IT4, in which the loader 
is sc*(‘n just starting to work on a pile 
of acid phosphate which has stood for 
two months I'lie substantial construc- 
tion of the machine will permit of its 
being driven intc^ the j)ile undei its 
own pow(M' at tlie rate of 4 It per 
minute. As much as 4 Id. p(u* ton 
has bei'ii saved m handling ieitilisc'r 
m this way 'Phe Hritish agents for 
the Jeffrey Manufacturing Compan\ 
an* Me-srs. Hugh Wood (S: Co , 1 td. 
London, who liavc* an American expeit 
on their staff, and can therelore answer 
all (pic'stions conci'rnmg these machines 
immediately without havingy to refei 
to their principals across the water. 

A portable loading and unloading 
device not on wheels, like those 
previously described, but suitable for 
handling and placing m position by 
a crane, is one of the mo^'t imjxa'tant , 
it is applicable to the handling of 
practically all goods 111 and out of 
ships, ancl is known as Donald’s patent 
shi]7 elevator-conveyer, manufactured 
bv Rownson ] 3 rew ('lydesdale. 
Limited, London. We say “ practi- 
cally all goods " advisedly, but we 
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might have almost said *' all goods ” ; 
for although this system is more 
usually employed for larger individual 
loads, by changing the carriers it can 
handle ^Ik goods nearly as well as a 
bucket elevator. The*goods for which 
this system is more generally employed 
are objects in barrels, sacks and cases, 
crates of bananas, rabbits, poultry, 
etc., as well as cheese* carcases of 
mutton, and even quaiters of betd. 
Like all elevators and conveyers, this 
loader continuously working, and 
individilil lyads are generally placed 
into its receptacles or “ slings," as 
they are called, by a gang of men. 
The speed at which the elevator- 
conveyer works is ho ft per minut(‘, 
and the pitch of the receptacles or 
" slings " varies between 2 ft. h in. 
and 3 ft. 4 in., so that it r('(|uires 
a gang of six men to keep the elevator 
full^ loaded The use of this appliance.' 
means larger c<ipacity with the same 
\iumbcr of men, small W(‘ar and tear, 
less noise and less d.image and bo'ak- 
age to the goods handled. 'I'he ma- 
chine can readily be adapted to any 
rise or fall of the shi]) due to altc'iation 
in the water level or the cargo working, 
and the same machine can be used 
equally well for loading or for un- 
loading. 

For specific purposes the elevator- 
conveyer is built fust, ])ortable, 
secondly, semi-portable, say at the quay, 
and thirdly, attached to a vyarehoiise 
on tile quay. The first, portable, is 
the most usual foian, where the ma- 
chine is bodily lifted by a crane on 
to the deck of the ship to be cleared. 
Tire sc(!ond type is carried from a 
gantry with an extended 11b, so that 
the vessel can Ue plumbed m a h'w 
rtdni'ites, while in the third type the 
machine is usually cantilevr'ied fioin 
the top of the warehouse and is ( hielly 
used for loading and unloading lighters 
and other small craft. As we arc 
dealing with portable devices, we must 
oniy investigate the first of these three 
types, but the principle is the same 
in all three. One of the self-sustained 
portable Donald elevator-conveyers is 


shown in Fig. ns in the act of being 
lifted aboard a White Star liner 
for unloading pui poses h'ig. 116 gives 
a nearer view of the machine on a 
carriage being wheeled alongside the 
ship preparatory to being lifted aboard* 
This particular machine is one of five 
supplied to the London and North 
Western Railway ('ompany at Oarston 
Docks for unloading banamfs fiom 
Elder’s Fyf'fe’s steamei'-. d'he view 
shows how the machiiK' can be reduced 
to its minimum size m its housed 
position, the carru'is are all looped 
close together and tlu' chains can be 
seen festooned .dong the upper part of 
the framing, the two terminals but 
shghtl\ overh.ingmg, one at each end 
of the machiiK' flu' .qiparatiis in its 
housed condition is j)lac('d .dioard in 
such a way that oik' of the terminals 
plumbs the hold, and the other exti'uds 
o\'er the side of the vc'ssel and 
ri'.u'hes ('itlu'r on to tlii' <|uay or over 
a barge' alongside, or, in fact, reaches 
over to the spot wFere the cargo is 
to be (lunqH'd The leci'ivmg terminal 
is now slowly knvert'd into the hold 
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FIG lift— LIFU'fG DOVM.D'S IILKVAT )R-OONVFYER 
ABO^Ir^ A WBITE STAR LINER « 
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FIG 116— DOVALD’S KLEVATOK-CONVEYER ON TROLLEY 


and a balance vvei^dit which lias been internicdiatc terminal. This terminal 
previously lowered is attached to that consists mainly of a pair of sprocket- 
end. The delivery terminal is now wheels on a spindle which can slide 
lowered in like manner on to the spot back and forth on a prescribed hori- 
where goods are to be received. The zontal path. By allowing the movable 
normal machine is of such dimensions terminal to travel in one direction, 
as to reach to the bottom of the hold the conveyer can be extended to its 
of an average vessel and likewise to uttermost limit, by increasing the 
reach down to the barge or dock vertical bights and so reducing the 
level alongside. The portions of the lengths of the chain in the supplc- 
strand of the conveyer not in use at mentary bight If the movable ter- 
any one time are accommodated in a minal is taken in the opposite direction 
supplementary bight formed by an the vertical bights are shortened, 
additional, what might be named The diagram, Fig. 117, will elucidate 
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FIG 117.— DIAGRAM SHEWING MEFI^^D OF SHORTEN- FIG 117 1 —ALTERNATIVE SCH EME TO 

ING' AND LENGTHENING ELEVATOR-CONVEYER FIG 117 
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tills A and arc the two 
ti'iminals. A bcini^^ lowered into tlie 
hold and theie held taut bv the 
hangin^^ wc'i^dit P, while 1. is the 
intennediat(' teiininal which bv its 
lateral motion can take up slack oi 
])av out chain as may be reipnred 
1 if;. 117.1 Is an alternati\(' sidieine 
d he end terminals consist ol a ptiir 
ot spiocket-wheels and the distance 
apart of these wheels will b(‘ deter- 
miiK'd bv the si/e of the olijccts to 
be loaded ; thus, for carcases of 
mu\t(^i the spioekets and the chains 
are 5 ft 6 m. apart, while for (jiiarters 
of beef they are 7 ft. apart, the 
carriers themselves are formed of 
canvas ^?hngs or loops and are 18 in. 
n.irrow’er than these dimensions, in 
order to leave <'i clearance of 9 in. 
al'e^ich <ide between the sling and 
the centre of the chain, so that the 
sling for mutton would be 9 ft. wade 
and for the quarters of beef 5 ft. b in., 
and for all other cargo in proportion. 
We might say that the 4-foot sling 
will handle most things, such as 
cheese, criUes of bananas or rabbits, 
carcases of mutton, and mo.^t g('ods 
m barrels and sacks. The makers do 
not recommend these conveyers for 
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quarters of beef (though they liave 
executed machines for dealing with 
such satisfactorily), as they are too 
unwieldy in si/e, and tax the capacity 
of an ordinal y ship's derrick, 

The chains usc'd are of .1 \’ery strong 
pattern, zk m. jiitch, and special links 
are provided at regular intervals for 
suppoiting the caigo slings* These 
links are cast together with a short 
tiibe-like attachment tiansviMs(‘lv to, 
but c(Mitrally watli, the ch.iin into 
which lh(' end of .1 kaigtli of 5 in. 
ste(‘l tubing lits, w'hc'ie it is sc'cined 
by rivt'ts so th.it the chains, with 
thes(‘ steel tulx' lengths ti.ix'eising and 
coniK'cting them .it ii‘gul.11 pilch, hav(' 
the .qqiear.mec' ol a huge lope laddca 
riie slings iheniselvt's .ik* .at t. idled at 
each caid by stout jute loops to a 
Icaigth ot 1 1 111 stis'l piping which 
jits ovi'i* and Is held m position by 
the 'I in. |)ipes prc'N'iously imaUioned, 
the whole being vei\’ sulist.inti.d and 
exceedingly simple lag 118 shows 
on(‘-the lecc'iving ti'rmm.d of such 
a coiiM'vei III th(‘ hold o( the White 
vStar liner Runic at Tilbuiy Dock 
unloading a cargo of mutton. The 
stcM'l tub(‘ tra\'(‘is(‘s with the' att.ii h- 
ment of the loops (an he scaai cKaiily. 






Fig. 1 19 shows the delivery terminal 
of a machine unloading the s.s. Ayr- 
shire, of the Shire Line, while Fig. 120 
shows the automatic unloading of 
crates of frozen labbits ex s.s. Persick 
at the Canada Dock, Liverpool, and 
Fig. 121 shows an interesting installa- 
tion unloading bananas from the 
s.s. Ze<it, discharging automatically 
on to a band conveyer. This par- 
ticular equipment comprises four ele- 
vator-conveyers and four band-con- 
veyers, all electriccdly driven, and the 


Roller Runways are generally used 
more or less as fixtures, but their 
extreme lightness and consequent por- 
tability in short lengths, and the ea'^e 
with which they can be joined up to 
form long lengths, makes them very 
attractive for the handling of indi- 
vidual loads, and, requiring no driving 
])ower beyoval the gravity of the 
descending load, enhances their value. 
Roller runways consi^^t of a series of 
small diameter rollers 21 in. to 3 in. 
and of a length about equci( to the 
9 
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rate of discharge exceeds 6,000 bunches 
of bananas per hour. The illustration 
shows one bunch just being dis- 
charged, whilst the two previous ones 
are already Travelling away on the 
band-con ft^yeT ‘ 

Many of these installations work in 
connection with portable gravity roller 
runways, but these are oply applicable 
for cases and crates presenting a flat, 
surface on which they /can travel, 
such as tea-chests, cased fruit, etc., etc. 

/ 


width of the object* to be conveyed. 
They run on spindles which take thefr 
support and bearings in two longitu- 
dinal supports forming units 6 to 
8 ft. long, which can easily be joined 
up. The pitch of the rollers depends 
upon the dimensions of the cases, as 
they must rest at all times on not fewer 
than two rollers ; the pitch' must not, 
therefore, be more than half the length 
of one of the cases to l^e handled 
Thus, if the cases were 6 ft. long, the 
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rollers must not be more than j ft y\ \n loo W'e see thus that the 
apart, whereas for a ca-^e 2 ft. long ball-beaiini^s have a little advantage 
the rolleis must no^ be more than over the roller-bcMiings, but against 

I ft. apart from centre to centre that will have to be t<iken into con- 

Such^i^lll^rs rarely jiin in ordinary ^ideration tluit the rolha-bearings last 
bearings as, if they did, the resistance longer and are not so easily damaged 
would be so great that the load would bv the rough usage they almost in- 
not run down the incline unh'ss it was variably lea'ivo 

so steep that the conve^’ing distanie Messrs (he Ib'pbuin (Onveyer Co , 
could only bo very short except the Ltd . of WakelK'ld. an' the imfkers of 

goods had to be conveyed from a a |)ortable ('.r<i\it\ Roller Conveyer, 

great height. The fundamental princi- whu h is ilhistr.ited in I'lg 122. This 
pie is tc^support the rolk'rs in such a tv})e of ('on\ i‘\’('r, whudi consists of a 
• 
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way as to reduce the resistance to their senes of rollers running in ball-bearings, 

revolution t(j a miminuin Now, of all is inoimt(‘d on a lattice girder under- 

the mechanical devices at prestait at frame. It is used, of course, for 

5 ur ’command, there are none which lowi'ring only, as the operation is by 

answer this purpose better than the gravity and automatic, requiring no 

ball-bearing, the roller-bearing being a motive power Such goods as boxeV 

good second. The former will permit packed ineu h indise, et#. (so long as 

a well-made box to descend an there is# a Hat base \vtiich#»can slide 

•incline automatically of j in 100 ; down a very gradual incline) can be 

for tea chests 4 to 4.J in 100, and handled by it. As an example, we 

fof empt*y cases 6 to 7 in 100 ; may mention that for instance cases 

while with roller-bearings the minimum , weighyig 40 lbs can be conveyed a 
incline is, for good boxes, 3^ in 100, distance of \ioo ft if a descent of 5^ft. 

for tea cliests 5, and for empties is available, ‘tvhich would be about the 
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lu'i^^lit of the lloor of ;i nnlway truck 
above the ground, l)ut as a kill of 
3 to 5 ])('r cent, will he sullieu'nt for 
the goods to travel by gravity if in 
suitable cases, it will be sc'en tli.it, all 
circuinst.inces being favour, iblc, ,i dis- 
tance of nearly 200 ft. ('ould be 
negotiated if necessary 

riie machine hen^ illustrated is 
5() ft long and is for de.ihng with 
wooden boxes in both directions, and 
the lattice undi'rfranie is, theii'fore, so 
arrangc'd on a ci'iitral trunnion that 
its oper.ition can be e.csily reversed 
bv tilting the machine whichever way 
it IS wanti'd. The orollers, as already 
stated, are piovided witli balk-bearmgs 
and are made of solid cold drawn steel 
tubes with the ball-bearings at the 
ends attached to the framework by 
means of suitable spindles or pins, 
according to the si/e of roller employed. 
TJiis, together with the j)itch of the 
rollers, largely^^ depends upon the class 
of material to, be handled. 

Very similar to the gravity roller 
runs are the 

Live Roller Conoeyer:, the difference 
being that whereas in the former the 


hitter cas(‘ the roller^ are power- 
driven, <and (h'pend therelore no longer 
on gr.ivity, but can ('oina'v the objc'ct 
pl.ued on thi'in on a lecel or at an 
UK line uj) or down. 

In rolling nulls, where the steel for 
our high explo-.ive shells is now rolh'd, 
as well as plates, mils and bars of all 
sections, the unfinished mils, bars or 
sheets have to jiass the rolls repeate lly 
as they assume their final form For 
this work “ live rollers," a form of 
conveyer aie used Ingots, bundles 
of wire, crop ends, etc , are conveyed 
by these revolving rollers from place 
to place without hand-labour. Such 
live rollers are simply a series of 
rollers arranged as shown m Fdg. 123. 
Any object siifliciently long to reach 
across three rollers w^ll, if laid upon 
this conveyer, travel forward by viitue 
of the revolving rollers, with at least 
two of which it will be in contact 
until It has reached the end of its 
journey. ITom the illustration we 
may easily understand the system.* 
The iij^per view is the elevation with 
the rolling mill indicated at' the left. 
FTom the plan we see better how the 


object placed on the rollers wT.1 run ' rollers are driven by a pair of bevel 
down un incline by grax'^iy, m the wheels each. The first three rollers^ 

i ns 



are close together, all the others being 
pitched 4 ft. 6 in. apart. The rollers 
are 40 in. long and 20 in. diameter. 
In this particular case'the whole plant 
is arrange^ to be portable on four lines 
of rails, so* that it ifiay be placed 
opposite any roller mill. M, and M> 
are two electric motors, the former for 
propelling the machine and the latter 
f(jr driving the rollers. * 

The chapter on Portable Devices would 
not be complete without some men- 
tion of Floating Devices, of which 
the follJiwing are the latest examples. 

• Floating Grain Un loaders. 

What has been said in connection 
with pneumatic plant on shore also 
applies to floating grain unloaders. The 
system and general arrangement are 
so similar that an illustration, F'ig. 
124, will suffice. 

There can be no doubt that in spite 
of tile great initial cost of such a 
plant and the comparatively great 
j^wer consumption of even up-to-date 
plants, these pneumatic iinloaders are 
the most important of such floating 
devices, though the floating bucket 
elevator is a close second. 

It will perhaps be best to compare 
the respective merits and adaptability 
of both types before going into a more 
detailed description, All floating grain 


unloaders must, of course, be mounted 
in and upon a jiontoon. The pneu- 
matic system, whn h (onsumes about 
four times as much power as the 
bucket elevator, necessaiilv reijuires 
a bigger engine and boiler, therefore a 
much larger jiontoon, and entails a 
corrc'spondmgly higher expense. The 
cost of the rest of the machinery is 
also more for the pneumatic ^?^’stem. 
An eipnpment for an hourlv ca[)acity 
of 150 tons re(pnres 50 h p. for the 
bucket elevator and 250 h.p. for the 
pneumatic plant. 

The insertion ot a iigid structure 
like that of a bucket eh'vatoi into 
the hatches takes geiK'rally more time 
than the iron or compo-llexible suction 
pipe of the pneumatic. The way into 
the hold may be awkward and the ties 
and bracings lower down may likewise 
obstruct the way of tlu* elevator leg, 
and worst of all a great amount of 
trimming is necessary to get the last 
of the gram to the elevator, while the 
pneumatic requires jiractically no 
trimming. 

In rough weather the bucket ele- 
vator cannot be used, while the suction 
pipe of a pneumatic plant can be l(‘d 
into the hold without admitting the 
rain. The trimming work being in- 
jurious to health and unpleasant on 
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FIG 124 —ONE OF THE FLOATTSQ TNEUMATK’ GRAIN ELEVATORS BUILT BY HENRY SIMON, L'lD., 
FOR USE IN THE Pv>RT OF LOND )N 


account of the dust, re(]uires occa- to he taken into consideration before 

sionel lireaks, with a cons(‘(|ut‘nt deli- sucli an important decision c^n • be 
ciency in output. made. Generally spe iking thej^pneu- 

It must also be ifientioned that some matic is more suitable where large 
maltsters object to the ufc of .the cargoes from ocean-going steamers have 

pneumatic plant for handling barley to be dealt with m ports wkch con- 

in the belief that it is injurious stantly and legularly receive such 
to the grain. cargoes, that is, all the year round. 

We thus see that although with In all other cases the bucket clevatQr 

the pneumatic system the expensive would be more economical. With 
trimming is not necessary, the cost of reference to the trimming, it is only 
handling pes ton from all causes, fair to mention that under some 
interest capital, fuel, labour, etc., circumstances a large gang of men 
is higher for the pneumatic, but the have to be kept constantly employed 
balance may be on the other side when for other purposes, and their time when 
unloading large ocean-going steamers, used for trimming may on that account 
in the saving of demurntge. not be so costly as if they were em- 

When one has to choose between' ployed purposely for it. 
the t(vo types all these* '.actors have Barges and pontoons fitted with 


120 





FfG 125 — )NE OF MITCHELL’S FL')VTI\G OVVTILEVER QR^IV BLBV\TOK3 AT AVON* 
MOUTH DOCK— IN WORKING P08I rION— -UU.'Lr BY MB>8K8 8I'liN( HR A GO , 
LTD , MELKSHAM . ; 


bucket elevators in such *a way tliat 
the elevator proper, supported from 
a ]ib^ boom, can bc^ dropped into the 
hold of a grain ship, have been de- 
signed and erected in a great variety 
of ways, but they did not reach their 
present perfection until Mr, A. H. 
Mitchell, bulk gram engineer to the 
Port of London Authority, set himself 
^the task to lavish his inventor's skill 
upoii.the problem. The older types 
have been humorously likened by 
■“ The Electrical Times " to a camel 


with an exceedingly big hump and of 
such proportions that the animal could 
neither raise its head sufficiently to 
bring Its chin over the edge of the 
feeding trough, nor move its mouth 
freely about the bottom of ihe trough 
when the lirst difficulty,# had been 
surmounted, and tjiat owing to its 
topheaviness the poor beast had to 
spread its stout legs wide in order 
that its centre '’of gravity should not 
oV'ertop mark ; while Mr. Mitchell’s 
elevator is like, ed to the far-reach^ing^ 
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FIG 12'i— ONE OF MITOHBr.L’P FLOATING OANTIIEVER GRAIN ELEVATORS AT WONMOUTH DOCK— IN 
HOUSED POSITION — BlILT BY MESSRS SPENCER & CO , LTD , MELKSIIAM 


proportions of the giraffe with the Messrs. Spencer & Co., Ltd., Mclk- 
celcrity of the mongoose, tfie poise sham, Wilts. The normal cagaoTy of 
and elegance of the gazelle, and with these elevators is lOO tons per hour, 
an appetite for g^ am that is appalling ; and the maximum reached is 120 tons', 
all done by balancing. Jt is a fact The telescopic elevator leg has a 
that none of the older lloating un- total length when extended of 44 ft., 
loading devices have the flexibility and 27 ft. when closed. The endless 
of the latest type, though they have chain carrying the buckets is so 
done and are still doing excellent work, arranged that whefi the leg is lf)we}:ed. 
We will coniine our attention to a as much chain is let out in front as is 
t brief description of the Mitchell Ele- taken up at the back, so that it remains 
vator, as the brief we hold is for the at a constant length and even tension. 
adopti(^ ok'the best and rnost labour- Each elevator is driven by a direct- 
saving appliances more than for their coupled electric motor of 16 b.h p. 
historical development. at the head of the elevator, thus doing 

The photographic view, Fig. 125, away with all driving (plains. It is^ 
illustrates one of two floating elevators carried on the end of a cantilevier jib 
built upon this system to thb order 'of of 30 ft. centres, which in turn is 
^MeWs. C. J. King (St'^^ Sons, Bristol, carried on the top ofo a cantilever 
for ,use in tl^? Avonmouth Dock, by post 26 ft. 6 in., centres, the post 
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rotating on trunnions carried on tlictop 
of the turntable ib ft. () in above 
the deck 

• 

The top of the ]ib is provided with 
a conve^'c^ band w^ich carrits tlic 
grain from the elevator to a shoot 
’'iinning down the post, which in turn 
:liseharges into swivelling shoots 
through the deck into J;he well ol a 
second, but stationary, elevator. Tiiese 
swivelling shoots are so arranged that 
they automatically adjust themselves 
for every movement of the <0('vator 
leg l1ie ^land is of canvas and 
rubber, and is pro\uded with diagonal 
ribs to facilitate the gram running 
uphill when the jib is dipping down- 
ward more tharn2o°. The ribs are 
jdaced diagonally so that tlu'v will 
run over the return idlers without shock 

The grain is re-elevated by the deck 
elevator (also to be seen in the illus- 
tration) to any required height, and 
dropped into a hopper from which 
it is weighed and delivered. 

W'eighing is accomplished by six 
“ Avery " automatic scale^ three on 
each side, which deliver either into 
sacks, or shoot loose at will. The 
elevators are also provided with a 
means of delivering grain loose, and 
unweighed into barges on either side, 
and also with a portable conveyer 
for delivery ashore to bands on the 
quay when necessary. 

The range of motion is very exten- 
sive, the elevator being able to work 
fromo a point 20 ft. 3 in. below the 
waterline, and it can also be lifted 
’clear over the side of a steamer having 
40 ft. freeboard. 

The electrical energy is generated 
on board by a high speed engine and 
suction gas jdaftt. 

When re(| Hired for towang, the 
elevator ('an be turned right round 
and stowed over the top of the weigh- 
house in a jaosition of absolute safety, 
^see Tig. 126. 

The barge upon which the elevator 

built Ts 65 ft long by 2b ft. b m 
overall, and has a depth of aixjut 
10 ft, b in. 


COALING LOCOMOTIVE ENGINES.* 

As far as this couiitiy is concerned, 
the mechanical coaling of railway 
engines has only been adopted within 
conqiaratively recent years. Heyond 
one or two earlier and minor attempts 
by other lines, th(' I oiidoii d: North- 
\Vestern Railway has led the way in 
adopting really serviceabh* •installa- 
tions, and it IS to be hoped th.it 
this lead, and the exjieiieiice gained 
by it, may make the mechanical 
coaling of railway engines jilay an 
indispensable part m the economy of 
our railway systems. The reasons for 
our lagging behind in this resj^ect are 
rather complex : they were given by 
Mr. C J. B. Cooke, ‘M.I.C.T., in his 
paper on the Locomotive Coaling 
Installation at Crewe, but want of 
space does not permit us to go fully 
into them here. Probably the chief 
reasons are, the congested state of 
locomotive yards and the compara- 
tively close proximity of collieries to 
the coaling centres, and pcrhajis also 
the fact that coaling by hand labour 
( an be done cheaply in peace time, 
so that a large capital outlay for 
handling comparatively small quanti- 
ties is not justified, as it burdens 
the actual cost of coaling too much, 
so that then the monetary advantage 
between mechanical and hand coaling 
is not very marked. 

We must here realise that the 
coaling operation of railway engines 
is generally intermittent in more than 
one sense, so tlj^t a comparatively 
small staff can coal the engines from 
barrows ^or skips, filled previously and 
between the calls of the engines at 
the stage for coal, conditions which 
do not obtain in other coaling plants. 

In America where mechanical coaling 
has been developed to a fine art,^it 
must be admitted that the labour 
problems in one way or another-have 
been responsible foi^ thi? advance. 
In this country labour has hitherto 
► been plentiful and inexjiensive, and 
thus it has# been practicably admitted 
before the war that the raised 
oldfashionoii coal-stage with ifts hftnd- 



shovelling from wagon to a barrow 
or skip wliich cun l)e tipped into the 
tender by a simple crane was the 
best method a^ regards convenience, 
small lirst cost, and e([ually small 
upkeep. Hilt the w-ar has changed all 
this, and if it was over to-morrow 
the labour conditions would not be 
improved for years to come, so that 
we are more or less m the same pre- 
dicament in which the United States 
railways are, and a ca])ita] outlay m 
due proportion to the capacitv of the 
coaling plant will be justilied and 
economical for years and most probably 
for good. 

The international methods adopted 
for the coaling of railway engines are 
various The one which appeals to 
the writer most is that used in the 
United States, where railway trucks 
are taken up a gently inclined track 
by a locomotive and the contents 
dumped into bunkers at a level suffi- 
ciently high to coal the engines by 
gravity. This would be an inter- 
mittent method and probably one of 
the earliest. Another intermittent 
system is the locomotive crane and 
grab, which has the advantage that 
the ashes can at the same time be 
removed by the same plant. 

'I'he next development is one on a 
continuous system of handling. Here 
a bucket elevator lifts the coal out 
of a pit (into which it has been dumped 
by a self-emptying truck or by a coal 
tip) to a series of overhead bunkers 
reaching either across the lines of 
rails upon which the engines are to 
be coaled, or alongside and between 
two tracks or two pairs of tracks, 
into which the coal is deposited by 
one of the various types of conveyers 
More fre(]uently the gravity bucket 
conveyer has taken the place of the 
before-mentioned elevator and con- 
veyer, or an inclined conveyer, like 
tliat employed’ in the installation at 
Crewe, takes file coal from 'A track 
hopper to the bunker or bunkers. 

One of the latest developments is 
an inclined conveyer of a ^special type 
(to be further described later), ^which 
takes the coal direct into jthe tender 


of the engine without the intervention 
of bunkers, in which case the store 
of coal is contained in waiting trucks. 
This latter plan is probably one of 
the best, as it occupies b”t little 
room. In the United Sta 1 ;es, where 
what IS called " run of mine " or lump 
coal is practically universally used, 
the continuous system, which of neces- 
sity cannot l^ndle very large lumps 
without making the elevator and 
conveyer of unreasonable dimensions 
for tlie ton-hour cap.icity of the 
plant, has been abandoned again for 
an intermittent system ' Ordinary 
bucket elevators have been used at 
an intermediate period with buckets 
24 in. to 36 in. l(^ig by 20 in. to 
24 in. wide, but even these have 
proved inadequate for very large coal. 

The choice of the installation for a 
specific proposition depends naturally 
upon the available space and the dyty 
required. A crane and grab would 
probably be applicable for the smaller 
capacity, while the other systems are 
more or less applicable for any capacity, 
from the smallest to the largest. The 
inclined ramp first described, and the 
plant with an inclined conveyer, re- 
quire a narrow and long area, while 
the other methods could be accommo- 
dated on a square or oblong piece of 
ground. In congested yards only the 
vertical bucket elevator and the gravity 
and balanced bucket arc ])ermissible, 
as occupying the smallest site 

We will now go a little more fuHy 
into the systems already outlined. 
There are many more, but we are 
only dealing with the principal ones. 

A locomotive crane and grab are 
used more particularly in America 
for coaling railway engines. In the 
simplest form the coal is grabbed 
direct out of the railway truck, swung 
round to the engine standing on an 
adjacent track, and lowered gently 
into the tender. Frequently there is 
a pit between the lines where the 
engines are coaled, into which the' 
ashes are dropped during the coaling 
operation, and the same grab c^n 
remove the ashes afterwards into 
empty trucks. Sometimes self-unload- 
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Locomotive Coaling Stations oe 
THE L. & N.W. Railway. 

The -automatic locomotive coaling 
plant started to work In 1913 at Crewe 
is, as has t^en mentioned, the first of any 
magnitude erected m tftis country. It 
was described in the Proceedings of the 
Institution of Civil Engineers by Mr. 
C. J. Bowen Cooke, who is responsible 
for the design. The maiit features are 
a wagon tippler which dumps the coal 
into a track hopper and via a coal- 
breaker and inclined tipping tray 
conveyef, and deliviTs it into one of two 
•bunkers for iwo cldbscs of coal, Welsh 
and “ hard " coal. From these silos 
the coal is delivered, after passing 
calibrating chambi^s, to the tenders. 
The inclined conveyer is capable of 
handling 60 tons per hour. The bun- 
kers hold 300 tons (100 tons of Welsh 
and 200 tons of " hard "), which is 
suff\pient to coal all engines during 
the night without the conveyer work- 
ing. The average daily (24 hours) 
quantity doled out to 140 to 150 
engines is about 450 tons. A staff of 
three men by day and one by night 
are necessary, and the conveyer runs 
10 hours per day. This installation 
was erected by Babcock Sc Wilcox. 

The locomotive coaling plant at 
Camden Town, likewise of the L. cC 
N.W. Railway, and ecpiipiied by 
Fraser Sc Chalmers, Ltd , is on similar 
lines, but minus the bunkers or silos. 

It was thus necessary to make the con- 
vener of such a capacity that the con- 
tents'bf 20to 25 buckets were sufhcientto 
charge a tender, so that the conveyer 
must be running just for that short space 
of timejiecessary for these few buckets 
to discharge. *The foaling at this 
spot was previously done by hand, 
^Qd,the sheds pitivicied for the purpose 
accommodated eight to ten locomo- 
tives simultaneously. Normally over 
a hundred engines are coaled here 
daily, while during holiday seasons 
this number has been greatly exceeded, 
*the staff required being, therefore, 
consideraj^le. With the new arrange- < 
Trkent the very largest engine can be 

•From “The ICngiiieer “ of April 2, 1915, by kind 
permission. • 


coaled in less than three mmutes, and 
not more than two men are required 
to operate it. 

The plant, as shown m the accom- 
panying Figs. 127 to 130, consists of 
an underground or track hopper hold- 
ing about 15 tons, over w'liich runs a 
standard rail-track, .m inclined bucket 
elevator and a tower containing the 
driving gear, a control platforjn, and 
a coal shoot projecting over the turn- 
table siding, see Mgs. 127 and 129. 
The coal wagons are brought one at a 
time over the underground hopper, 
and if they are of the bottom-door 
type their contents may be discharged 
into the hopper in the usual way. 
If they arc of the end-door type, 
they are tipped by hydraulic rams, as 
illustrated m Fig 12(S. 

The coal is pass(‘d from the hopper 
down a shoot into the buckets of the 
conveyer. The buckets have each a 
capacity of one-tliird of a ton, and as 
they pass the hopper shoot at the rate 
of about eight a minute, the plant is 
capable of dealing with about i6q tons 
an hour, or, say, 2J tons a minute. 
As the capacity of the buckets is known, 
the quantity of coal delivered to any 
engine can be measured approximately 
by counting the number of buckets 
discharged. The construction of the 
buckets is illustrated in Figs. 129 and 
LF> 

At the tower the buckets discharge 
their contents direct into a shoot, 
which leads the coal dowm into the 
tender. The driving gear consists of 
a 15-h p. electric miitor transmitting 
through spur wheels. At Camden Town 
two meif are employed on the plant. 
One attends to the moving and dis- 
charging of the coal wagons, while 
the other controls the starting and 
stopping of the conveyer and the 
coaling of the engines generally. 

Compared with the coaling she^s 
previously employed, t 4 e plant takes 
up ver^i little room. ^ tha^ it^sults 
in a saving of ipace, wages and time. 
The charge for power used is very 
small indee^l The engineers inform 
us that the time now spent in coaling 
is less thaji the cL„r.f 
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an engine on to the turntable, turn 
it, and move it away, and that the 
engine can be completely coaled, with- 
out loss of time, while it is waiting 
its turn at the table. In other words, 
the engines can 1:)C coaled and turned 
in no more time than it takes simply 
to turn them. 

The latest achievement ol the L. 

& N.W. Railway Coinpanv is the 
coaling plant at Edge Mill, Liverpool 
This, again, wid('ly differs from the 
two earlier installations, and the piinei- 
pal feature is tlu- solution ol the 
difficulty of filling the bunkers without 
resorting to conveyers or elevators 
The loaded wagons are brought by an 
overhead circular line and are trans- 
ferred to a spur with double lines, 
one for the full and the otlu'r for 
the empty coal utrucks, which lines 
terminate above the bunkers and the 
trucks are unloaded in the wr’il-known 
manner. It will be seen, therefore, 
that practically no mechanical equip- 
ment IS necessary. About 150 loco- 
motives are regularly stationed at 
Edge Mill, including all tyjies ol 
p2f:-^senger, goods and mineral engines, 
l^pth tender a«xl tank ty])e. 

Previbu^ to <his new inst^fllation, 
the old hand coaling method was also 
here in vogue, and for an aviaage 
day’s loading of about ^qoo tons a 
staff of 16 men, working in three 
shifts, y/as.,required. and ^;took from 
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25 to 40 minutes to coal an engine. 
With the new plant the staff consists 
of men working on two 12-hour 
shifts, and it takes only 3,! to q minutes 
to coal the largest type of express 
engine with about 7 tons of coal. « 

I.oc'OMOTiVK Co.ALiNc; Station of the 
N.E. Raitway Company. 

1 h(' N.Ji RailwayCornpany is the first 
which followc'd the foregoing three ex- 
amples by th(^ N.W Railway Company. 
It Is erected at the locomotive sheds at 
1 fairycoates, Mull The installation is 
electiically driven and has been pro- 
vided and erected by Spencer cS: Co., 
Ltd , of AhEvsham, to the design of 
the Railway ( ompany’s chief mechani- 
cal engineer, Air. Vincent L. Raycn.* 

The undeiiymg principle of « tl^is 
coaling jilant is similar to that of 
the installation at Crewe The whole 
of tlu‘ machinery is eleetrically driven, 
the eurrent beiiig sn])plu'd fron\ either 
of two dynamos (‘reeted in the engine 
shed machine-shop, ai;^l driven by the 
shop engine. The sidings, togethr'i'* 
with tlu' coniKTtmg road on which the 
coal arrives, an' on a falling gradient 
of 1 in 95 to allow the loaded wagon 
to be lowered by gravity to the hopper 
for chschaigmg and then run into the* 
empty siding The underground hop 
per has in this case a capacity of 

, ♦ TliE iiistnllaf ion hits been fully (k'seribed .tikI 

illustratfd in “ TIui KngineOr ” of October 14th, 1916. 
from which this ( xtract lia.s been takfui.. 
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20 tons, and tlio coal from this hopper 
fail‘d on to a scnrn, winch 

permits tlie small coal to fall dnart 
into the ehnaitor, while the' lar^^c 
passes through a ciuslu'r, which n'- 
diices the lumjis to such a size as will 
easily pass through the locomotive 
fire-doors, and then dehv'cr it on to 
the eli^vator. The How oi loal fiom 
the hopper to the jigging screen is 
regulated by a gate opi'nited from 
the ground level. The cruslu'r and 
jigging screen are djiven through 
suitable gearing by a 25 b.h.]). motor 
fitted on a j)latf(»m in the hojiper ])it 
The *bunkers are also heie, the same 
as at Crewe, divided into two com- 
partments of 100 and 200 tons cajiai ity 
respectively, for the two dillerent 
classes of coal used. Four delivery 
shoots are providc'd, two at each side 
of the bunkers for coaling the loco- 
mc^tives, *thus allowing four to be 
coaled at the same time if desired. 
The delivery^ shoots ai e of the measuring 


type, holding 10 cwt. with e<ich 
delivery. 

An additional commodity, not pro- 
vid(‘d at Crewe, an* two 15 cwt. 
el('( trically driven coaling cranes, for 
coaling the locomotives when the 
eh'vator is out of use. They are so 
arranged as to lift the coal in tubs 
from the ground levi'l on to the loco- 
motn e, and can Ix^s^rwed through an 
angle ol about 150 (U'gri'cs. Under 
normal ciTnditioiis the average number 
ot locomotives coaled at this station 
IS 135 per day, and these require 
.q)|U’o.ximately 275 tons of coal, and 
as the elevator is designed for a 
capacity of 50 tons per hour, it is 
only necessary to run the plant durii^ 
the daytime • ^ m 

Fig. 1451 gives a genial view of the 
station. • 

I * 

ARfE-RICAN PrACTIJ^. 

To |void the frequent breakdowns 
contingent handling lar^fi ^oa^ in 

12 <) 



bucket elevators, the Roberts & 
Schaefer Company, of Chicago, de- 
veloped the Holmen, or balanced 
bucket, coaling station, in which 
system the coal is handled in buckets 
containing from one ton to two 
and one-half tons. These buckets 
are sometimes operated in pairs, one 
bucket counterbalancing the opposite 


bucket, or a single bucket is used with 
a counterbalance weight. The latter 
is the device more generally used at 
the present tim#. « 

The coal is dumped as us^al into a 
receiving hopper below * the track 
level. Between this track hopper and 
the elevator^ shaft is installed an 
automatic feeding device containing a 



charge of the same quantity of coal 
as IS held by the large buckets without 
overfilling. The bucket which usually 
operates in a vertical shaft engages the 
automatic ^t|?der, which m turn dis- 
charges its load into the bucket The 
arrangement of the loader is such that 
the communication witk the track 
hopper is cut off when t^ie loader is 
being discharged into the bucket 
The bucket is not of the usual tilting 
skip tyjie, but has a Luge hinged door 
on the front, l^iis door is held closed 
by rollei*s rimming on guides at the 
front of the shaft. Whon the bucket 
has reached the top of the coal bunktus, 
the rollers follow a bend in the guides, 
which allows the dfor (formed m the 
shape of a shoot) to open, sec Fig. J ]z, 
and discharge the load of coal into 
the bunkers. 

The first plants of this type required 
the Constant attention of an operator 
to reverse the machinery, whether 
oper^ded by an eh^ctnc motor, steam, 
or gasoline power. In the subsequent 
development of the art it was found 
expedu'iit that the plants sliould be 
opeiated aiW;omatically, leaving the 
operator free to dump coal or to take 
care of the oiling of the machinery. 
This led to the introduction of an 
automatic re\'ersing skip hoist con- 
troller foi operating the motor To 
start the machinery it is only neces- 
sary to push a button, which energises 
a magnet on the controller. A ])lunger 
in Hie magnet or solenoid has one end 
carrien into a dash-pot, therefore when 
the magnet is first energised it requires 
several seconds for the plunger to 
operate* and complete the electric 
circuit to the motor. ^Fhis period of 
time may be regulated from five to 
§ff?e»n seconds, giving ample time 
either for the bucket to receive its 
load or to discharge it at the respective 
termini. At the top of the elevator 
shaft is located a slow-down switch, 

^ stopping switch, and a starting 
switch. The travel of the bucket is 
^ the ratt of about 140 ft. per minute. 
Wtlen it strikes the slow-down switch, 
resistance is thrown into circuit, cutting 
the speed about one-half, the bucket 
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then proct'eds to the stopping switch, 
and engages tlu* st()pj)mg switch <md 
starting switt h at the same moment. 
The stopping switch aiiests tlie motor, 
while tile st<ntmg switch only ener- 
gises th(‘ magnet coil on the controller 
m the reveise operation I'liis leaves 
the bucket at the top se\’('ral seconds 
to discharge its load beloie tlie circuit 
IS completi'd to the motoi to* cause 
it to reverse The machiiu'iy, there- 
fore, continues to opeiatc* m the 
forward and revi'isc' motion until the 
current is cut oil fiom the mam hue. 

Where gasoline or ste.im power only 
IS available, the .lutomatic reversing 
hoist IS driven by iM'lt from the 
gasoline or stiMin engine through a 
series of cams and (hitches, so that 
the engine runs continuously in one 
direction, while the hmst reverses 
automatically at either terminus, leav- 
ing a period of time sufficient for the 
discharge or receipt of the coal. 

vSuch appliances have been installed 
in numerous plants, and are working 
perf(‘ctly, one of which is illustrated 
in Fig. 142 For taking the coal from 
the bunkers to locomotives, the under- 
cut gate f(H‘der has been found to be 
the best method, as there is no 
blocking of the gate opening when 
large lumps are present m the coal 
pocket. 

The Roberts Schaefer Company 
have recently developed, in addition 
to the ordinary unilercut gate and 
apron used for delivering the coal to 
locomotives, a measuring device which 
measures a fixed (^i^ffTitity of coal to 
every locomotive, and provides a 
check on the record of coal taken, 
see Fig. 133.* 

The device is of heavy steel plate 
construction, and has a capacity of 
40 cubic feet, equivalent to one ton. 
As the driven shaft revolves, the 
mechanism opens the ^per or inlet 
gate, and closes it agctfhst the^cni» 
of coal •when the li€pper» is filled. 
As the shaft Continues to revolve 
•the lower ;gate is opened, allowing 
the coal to 41 ow down tha^pout into 
the tefider.^ This gate 4 s then closed 

* From the^ •Engineer,'* August 



and tlic inlc't a^^'lin opened. 

The shaft make'- four revolutions per 
minute, and delivers th(' coal at the 
rate of four tons pc'r minute. It can 
be started or stopped <is desired, but 
not with either f.^it(‘ ])artly o})en, so 
that the ho))per is always either full 
or empty. Ilii^ mechanism is dru’en 
by an electiic motor of J h.p. When 
coalin^^ the hreman sim])ly lowers the 
hmyed spout liy means of an endless 
chain and f^u'ar, and then jiushes a 
lever or button to start the motor. 
y\ counter is so ])la( ed that its hejures 
can easily lie seen from the eni^une. 
Before taking coal the hreman notes 
on Ins coal tickid the number of his 
engine and the number shown by the 
counter, say 500, for instance After 
t. iking coal he enters the number then 
shown by 1h(' counter, sav 505. dhis 
indicates that he has taken 5 tons. 
If the next man’s ticket shows 505 
and 512, it will indicate' that he has 
taken 7 tons. As each ticket must 
show the mimbei left on the counter 
bv tbe preceding engine, the series 
must b(' consecutive', se) that any 
attem])t tei show^ less than the amount 
taken will lie apparent. 

Fig. 133 shows the apparatus with 
the spout raised and the inlet gate A 
open. When the nmtor is started, 
tlie cam B will reveilve' anel engage 


the roller on the arm C, shifting this 
arm to the left and cleising the gate A, 
as in Fig. 133. ^ Further revolution of 
the mechanism opens the discharge 
gate D by the arm \i, aivi'^. hen close? 
it. W'hen the end of the cam segment 
releasi's the arm C the inlet gate is 
again opened to admit a charge of 
one ton of goal. 

In the United States similar loco- 
motiv(' coaling stations are m use in 
w^hich the balanced bucket holds as 
much as 15 tons at a charge. 

Fig. 134 show's a coahpg installat’on 
of very graceful design erected by the 
T. W. v^now Construction Co., of 
Chicago, Illinois, U.S.A. 

h'rom the hgrres givi'ii m the 
Proceedings of the International Fuel 
Association, the total cost of handling 
one ion of coal by a gravity bucket 
conveyer appears somewhat less than 
for the same performance by -^ther 
conveyers. In a plant handling 150 
tons per 24 hours, the total cost 
is placed at less than two cents (id.) 
per ton. There is a great similarity 
m the h.p. consumed by the different 
types of coaling plant which is as- 
tounding, at least as far as the con- 
tinuous elevators and conveyers are 
concerned, including, however, the 
intermittent balanced bucket type, all 
working out at about id. per ton. 




^1' UeS. — ROBERTS AND AL'TOMATKJ COAL MEASURING DEVICE IN TWO POSIiTO.NS 
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The handling by locomotive grab and 
crane more expensive. However, 
the cost- must vary wi^i the capacity 
of tlie plant, ftnd the lirger the plant 
the greatly . the necessity for the 
mechanical equipment. • 

CONCLUDING REMARKS. 

The foiegoing i)ages lontam tlu' 


most important ol the known and 
approved devices tor sa\ ing, or aiding, 
labour in handling nniteiial. There 
.ire many other machines and systems 
which the author feels might have 
been included with ad\'antage, l)ut 
which he is ri’liK tanth' (ompi'lh'd to 
omit Some ot the subjects tlius 
( rowdt'd out art' the* m(‘( hanical waagli- 

• 



FIG. 134t — COALING ST.ATION OP TUB T.Wj SNOW CONSTRUCTION CO. CHICAGO, ILLINOIS, 
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ing and registering of material ; cranes 
and grabs ; and especially lifting 
magnets for all kinds of iron work, 
scrap as well as plates and girders, 
in addition to the use of the lifting 
magnet in the blast furnace industry, 
where it is used to raise the pigs from 
the pig-bed, one of the most onerous 
tasks for man, which the machine can 
do tc/ the greatest advantage. Then 
there are all the other mechanical 
operations in connection with blast 
furnaces, such as stocking the raw 
material, and after weighing conveying 
it to the top of the furnace, and last, 
but not least, the casting machines 
should be mentioned, which do away 
with the pig-bed altogether when 
their installation is possible. Regi- 
ments of men could be formed from 
the men who might be relieved in 
collieries, by tlie use of machines for 
mining the coal, not only for the 
actual coal-getting, but also for con- 
veying it from the coal face to the 
roads. It is true that such machines 
are not either possible or economical 
in very narrow seams, but there are 
many collieries exploiting wide seams 
who are still employing the old me- 
thods, either in obedience to the men, 
or for want of enterprise, and this 
present crisis should be an opportune 
moment to install such plant. 

The principal and most obvious 
advantage of such enterprise is an 
expansion of the mining industry 
with the same labour roll, or a 
reduction of hands for the same 
output. The a^^i>ge tonnage per man 
per day for handwork is about 2 to 
2^ tons, including all the men em- 
ployed in and about the mine. With 
mechanical cutters and coal face con- 
veyers the average tonnage per man 
per day is about 3 to 3J. 

Then there are hosts of other oppor- 
tunities for saving labour by employing 
‘ i^achine to expel ashes from 
"'sTiips' td halidle coke from coke 
ovens, and endless loading and un- 
loading devices. There is hardly af 
industry S.here labour-caving appli- 
ances could Tiot be used wr/.h the 
gr(« it^T* ctuvantage: 


The imporfence of handling all 
possible materials by machinery will 
not by any means cease after the war ; 
it will then be as esse^ntial as now, 
because the world's marl^tn — the Bel- 
gian, French 5 nd Russian, and, above 
all, the German — will be disorganised 
to such a riegree that they cannot 
enter into /c serious competition for 
years, especially if we are prepared 
with labour-saving machinery. And 
we must here take into account that 
the world's demands have inci cased 
by the war rather thar^ diminisht^fi ; 
thus an enormous amount of ■ ne\/ 
business, now hung up, is shortly to 
be shared presumably by the United 
States and Great /Britain. If we pick 
out as an example only iron and steel, 
the above will be apparent. The 
world’s total export of these com- 
modities was 20,000,000 tons per 
annum before the war, of vfhich 
Europe supplied 10,000,000, and of 
this Germany, as the second largest 
producer and chief exporter, supplied 
6,000,000 tons. Now, if the war was 
over to-day, the credit and bounty 
system under which Qermany has 
fostered her export trade must remain 
crippled for years. 

The country which can cheapen the 
process of production most stands the 
best chance of winning the maikets, 
and the mechanical handling of mate- 
rial is one of the chiefest aids to 
cheap production, a fact fully realised 
in the United States, and if we do 
not fall into line now, we shah know 
it later to our cost. 

The King said : " We are fighting 
for a worthy purpose, and we shall 
not lay down our arms until that 
purpose has been achieved." Well, 
this purpose demaitds not onh^ the 
direct personal sacrifice of many, 
but also national and industrial sacri- 
fices. In addition to the adequate 
equipment and maintenance of our 
fighting forces, our industries should 
produce more actively than ever to 
satisfy the immense demands of a 
manufacturing and exporting nation, 
to continue its usual occupations in 
order to produce the wherewithal^ 
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which is after all life sinews of a 
prolonged war. It is not mere plati- 
tude to ar^e that ihe man in the 
factory is necessary to success 
in the wef^js the man in the trenches, 
the more so as peaceful industries 
have changed into factories for the 
production of munition| and equip- 
ments, and new factorie| have sprung 
up like mushrooms, all of which arc 


impotent without an adequate staff of 
workers to enable them to pour out 
death-dealing weapons day and night 
This unfortunately must be so, but it 
IS of national importance to do all 
industrial work, war or civil, with as 
few hands as possible, and to harness 
the labour-saving or labour-aiding 
machine into service, to do that kind 
of work where no brain is necessary. 







